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(U)  VARICOMP  (a  term  coined  by  J N.  Ayres  for  a method 
developed  at  the  Naval  Ordnance  Laboratory,  White  Oak,  in  the 
1950s  and  early  1960s)  is  a method  for  evaluating  the  interface 
between  fu/e  explosive  components  in  which  it  can  be  determined 
h>  statistical  an  *,ysis  and  testing  that  the  reliability  and  safety  of  a 
fu/e  explosive  tram  can  be  predicted  a»  high -confidence  levels  with 
a small  number  of  tests  This  is  done  by  varying  the  sensitivity  of 
different  explosives  that  are  then  subsntuted  into  the  explosive 
tram  of  interest  to  determine  the  safety  and  reliability  limits  under 
a penalty  test  situation  For  reliability  tests  the  acceptor  design 
explosive  is  replaced  by  a less  sensitive  VARICOMP  explosive, 
whereas  for  salety  evaluation  j more  sensitive  explosive  (PI  TN)  is 
used 

(U)  Under  contract  with  the  Naval  Weapons  Center.  R 
S'resau  Laboratory,  Inc,  completed  the  sensitivity  calibration  of 
vinous  design  explosives  and  two  different  series  of  VARICOMP 
et  plosives  (desensitized  RDX)  The  work  differed  fiom  earlier 
similar  efforts  m that  each  explosive  was  calibrated  using  donors  of 
three  diameters  (50,  100,  and  200  mils)  One  of  the  VARICOMP 
mixes  has  a sensitivity  to  initiation  nearly  independent  of  diameter, 
the  other  has  a sensitivity  to  initiation  highly  dependent  upon 
diameter 
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GLOSSARY  | 

{ 

Acceptor.  The  explosive  element  that  accepts  the  explosive  output  from  a donor;  that  is.  leads  and 
boosters 

Barrier.  Usually  a metal  placed  between  the  most  sensitive  element  and  the  next  element  in  an 
explosive  train  to  prevent  inadvertent  initiation  of  the  munition  The  barrier  is  removed  when 
the  munition  Safety-Arming  device  is  armed  during  flight  Also  called  attenuator  when  used  in 
the  Small-Scale  Gap  Test  (SSGT)  and  the  Proportional  Gap  Test  (PGT). 

Booster.  An  assembly  of  metal  parts  and  explosive  charge  provided  to  augment  the  explosive 
components  of  a fu/e  so  as  to  cause  detonation  ot  the  mam  explosive  charge  of  the  munition. 

Calibration.  The  technique  used  for  determining  the  shock  sensitivity  of  an  explosive  material  In  the 
SSGT.  Lucitc  attenuators  of  varied  thickness  arc  used  between  the  donor  and  acceptor:  while  in 
the  PGT.'  attenuators  of  aluminum  and  steel  arc  used,  the  Bruceton  test  method  is  used  to 
determine  the  50?  probability  of  fire,  and  statistical  analysis  is  used  to  determine  other 
probabihty-of-fire  percentages 

Dedbang  (DBg).  A measure  of  the  stimulus  for  the  SSGT  defined  as*  X * 10  log  1/g.  where  X is  the 
stimulus  in  decibangs  (DBg)  and  % is  the  attenuator  thickness  (gap)  in  inches 

Design  explosive.  The  explosive  material  to  be  used  in  the  final  design  of  an  explosive  train 

Donor.  The  explosive  dement  that  delivers  an  explosive  charge  to  an  acceptor,  that  is.  detonator, 
squib,  and  lead 

Explosive  train.  An  explosive  train  is  an  assembly  of  explosive  elements  arranged  in  order  of 
decreasing  sensitivity  Its  function  is  to  accomplish  the  controlled  augmentation  of  a small 
impulse  into  one  of  suitable  energy  to  cause  the  main  charge  of  the  munition  to  function 

Fuze.  A device  with  explosive  components  designed  to  initiate  a tram  of  fire  or  detonation  in  an 
item  of  ammunition  by  any  action  such  as  hydrostatic  pressure,  electrical  energy,  chemical 
action,  impact,  and  mechanical  tone,  or  a combination  of  these 

Gap  test.  Abbreviation  often  used  for  SSGT. 

Lead.  An  explosive  train  component  that  consists  of  a column  of  high  explosive,  usually  small  in 
diameter,  used  to  transmit  detonation  from  a detonator  to  booster  charge. 

m.  a unit  of  length  equal  to  0001  inch. 

Mixed  response.  In  a Bruceton  test,  some  of  the  explosive  items  detonate  or  respond  at  certain  test 
levels,  and  some  do  not  detonate;  hence  a mixed  response. 

NOL.  Naval  Ordnance  Laboratory,  White  Oak.  now  Nava!  Surface  Weapons  Center,  White  Oak. 

NOLC.  Nava?  Ordnance  Laboratory,  Corona  (since  disbanded). 

PAIDBg.  Abbreviation  for  Proportional  Aluminum  Gap  Decibangs  denoting  aluminum  as  the  atten- 
uator material. 

PreeeiBng  pact  Marit  3 


frwlty  ie*t  By  using  a VARICOMP  explosive,  which  is  less  sensitive  than  the  design  explosive  to 
evaluate  an  explosive  train,  the  probability  that  the  item  will  detonate  is  reduced. 

Proportional  Cap  Ten  1PGT).  A variant  of  the  SSGT  used  in  the  calibration  of  explosive  materials 
The  major  differences  between  the  SSGT  and  the  PGT  are  that  (!)  the  SSGT  uses  brass,  and 
the  PGT  uses  Deinn  to  confine  the  explosive,  that  (2)  the  SSGT  uses  Lucite.  and  the  PGT  uses 
aluminum  or  steel  as  the  attenuator  between  donor  and  acceptor,  and  that  (3)  the  SSGT  uses 
only  200-mil-diameter  explore  columns  while  the  PGT  uses  50*.  I00-.  and  200-mil* 
d'ameter  explosive  columns 

Prototype  An  item  representative  of  the  final  design  in  which  no  more  design  changes  are  expected 
PStDtg.  Abbreviation  for  Proportional  Steel  Gap  Dccibangs  denoting  steel  as  the  attenuator  material. 
RDBg.  Relative  decibang  has  same  value  as  deetbang  Used  to  distinguish  difference  between  old  and 
new  calibration  schemes 

Sensitivity  inversion.  A phenomenon  that  occurs  between  two  different  explosive  materials  that  differ 
either  in  composition  sm  state  of  aggregation  The  relative  sensitivity  of  the  two  explosives  can 
invert  when  used  in  sources  of  substantially  different  sizes 
Small-Scale  Gap  Test  (SSGT).  This  test  is  an  arbitrary  configuration  to  study  the  transfer  of 
detonation  between  small-diameter  charges  loaded  into  heavy  walled  cylinders  The  initiating 
sHihA  is  varied  by  changing  the  thickness  of  Lucite  interposed  between  the  acceptor  and  donor 
The  acceptor  charges  are  I 5 inches  long  and  0 2 inch  in  diameter,  loaded  into 
! 0-mch-diameter  brass  cylinders 
Surrogate.  Substitute 

Trials.  The  number  of  tests  performed  to  determine  the  safety  or  reliability  of  an  explosive  interface. 
VaRICOMP  (VARlation  of  explosive  COMPosition).  VARICOMP  is  a method  for  predicting  the 
detonation  transfer  probability  of  an  explosive  (rain  by  substitution  of  explosives  of  varied 
sensitivities  tor  the  design  explosive  These  substituted  explosives,  whose  response  have  been 
calibrated  relative  to  the  design  explosive,  are  used  to  measure  the  explosive  drive  inherent  in 
the  design  system 
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INTRODUCTION 


VARICOMP  as  a Penalty  Test 


Because  the  establishment  of  required  salety  and  reliability  levels  in  fu/e  explosive  trains  would 
require  sample  st/es  so  large  as  to  be  economically'  prohibitive,  most  explosive  tram  detonation 
transfer  probabilities  are  determined  b>  penalty  tests  In  a penalty  test,  a property  of  the  system  is 
modified  to  reduce  the  probability  of  the  desired  result  For  example,  to  predict  safety,  a particulai 
explosive  tram  interface  may  be  tested  with  a standard  donor  and  a “more  sensitive”  acceptor, 
conversely,  to  predict  reliability,  a “levs  sensitive”  acceptor  material  is  used  If  this  probability  is 
reduced  sufficiently,  it  is  possible  to  obtain  mixed  responses  (that  is.  some  fires  and  some  no-fires) 
with  samples  of  reasonable  si /c  and  to  develop  data  from  which  the  mean  value  of  the  penalty  and 
its  standard  deviation  (as  well  as  confidence  bands)  can  be  established  These  estimates  can  be  used 
in  statistical  extrapolation  to  estimate  safety  or  reliability  under  the  original  design  conditions  The 
VAR1COMP  (VARIation  of  explosive  COMPosition)  method,  first  described  completely  in  a 
VAVWEPS  report.*  is  a penalty  test  in  which  the  variable  property  is  the  sensitivity  of  the  acceptor 
explosive  at  an  interface  to  be  investigated  Special  terms  arc  defined  in  the  Glossary 


Advantages  of  YARICOMP 

As  compared  with  other  penalty  tests  (such  as  varying  the  thickness  of  the  out-of-line  barriers), 
the  VARICOMP  method  has  both  advantages  and  disadvantages  The  advantages  include  the  alleviation 
of  the  interpretation^  problems  resulting  from  the  complexity  of  the  relationships  between  each  of 
the  variables  that  can  be  used  in  other  penalty  tests  of  fu/e  trains.  Another  advantage  of  the 
VARICOMP  method  is  that  no  mechanical  alteration  of  fuze  components  is  necessary.  In  addition  to 
the  saving  of  tunc  and  effort  required  for  such  alterations,  the  original  VARICOMP  method 
eliminated  questions  regarding  the  effects  upon  detonation  transfer  of  fragments  whose  size,  number, 
velocity,  or  flight  pattern  might  be  affected  by  such  alteration  A third  advantage  of  the  VARICOMP 
me’hod.  as  it  has  been  used  in  the  past,  is  that  a senes  of  surrogate  explosives  has  been  characterized 
with  respect  to  mean  sensitivity,  estimates  of  the  standard  deviation,  and  the  precision  of  these 
estimates 


1 Naval  Ordnance  Laboratory  VAR! COMP,  § Method  for  Determining  Detomtkm  Transfer  ProbrbUitki.  by  J 
N Ayres  and  others  White  Oak.  Md.,  NOL.  January  1961.  (NAVWF.PS  Report  7411 ) 


& 


MjUatfimSbi  ■T'iiiTN<ifcr  inya^i 


NWC  TP  5789 


The  e«i*teik>*  of  these  data  makes  ii  possible  to  estimate  the  reliability  or  safely  of  a system 
from  the  results  of  relative!)  lew  trials  In  view  of  the  high  cost  of  developmental  hardware,  this 
makes  the  VARICOMP  method  particulars  attractive  for  ptclr  .._ry  tests  performed  in  early  stages 
of  development  before  a design  is  finalized  I neither  the  design  explosive  nor  the  surrogate  has  been 
vjlibrated.  much  of  this  economic'  advantage  of  the  VARICOMP  method  is  lost.  «inc e in  addition  to 
tlie  VARK’OMP  tests  of  the  prolotyyc  tu/e.  the  two  calibration  ;%»U  -ii-  nevessary  (In  spite  of  this 
need,  the  VARICOMP  method,  which  requires  less  prototype  hardware.  ma>  still  be  less  expensive  if 
the  prototv pes  are  sufficient!)  custlv  ) 


Disadvantages  of  Original  VARICOMP 


The  most  venous  disadvantage  of  the  VARICOVP  method,  as  it  has  been  used  in  the  pas:,  is 
that  safetv  and  reliability  predictions  are  based  on  the  assumption  (in  addition  to  those  inherent  in 
all  pcnaltv  test  interpretations)  that  the  relative  sensitivities  of  the  design  explosive  and  the 
VARICOMP  surrogate  arc  the  same  in  the  svstem  under  investigation  as  in  the  calibration  test 
arrangement  Although  the  original  description  of  the  method,  in  recognition  of  the  pitfalls  inherent 
m this  assumption  recommends  the  use  tif  a calibration  test  arrangement  as  similar  as  is  practical  to 
the  svstem  to  be  tested,  the  availabihtv  of  Small-Scale  Gap  Test  (SSGT)  data  for  so  many  explosives 
has  encouraged  mans  to  ignore  the  admonishment  In  most  applications  of  the  VARICOMP  method 
bv  N’WC  and  NOLC  (where  members  of  the  RDX.  Class  A/cjkium  stearate  binary  system  were  used 
as  surrogates  for  CH-6  in  the  evaluation  of  systems  in  which  the  donors  were  1 90-mi  1-diamctcr 
detonators  or  leads),  the  assumption  was  quite  vein!  This  is  true  since  CH-6  is  essentially  a member 
of  the  a hovc-mcn tinned  bmarv  scries  (and  behaves  as  such)  It  is  also  true  since  the  leads  and 
detonators  that  served  as  donors  m previous  fu/c  systems  were  similar.  least  in  diameter,  to  those 
of  the  SSGT  COO  mils). 

Recently,  however,  smaller  detonators  have  increasingly  been  used  as  donors  and  other 
explosives,  notablv  PBXN-5  and  IIN’S-IA.  serve  as  acceptors  Such  systems  so  differ  from  the  SSGT 
«hat  they  mvc’t  the  relative  sensitivity  of  members  of  the  existing  binary  scries  with  respect  to  some 
design  explosives  Such  inversions  invalidate  the  above  assumption,  upon  which  safetv  and  reliability 
predictions  from  VARICOMP  data  arc  based  The  most  important  source  of  such  inversions  are  si/c 
effects  As  donors  become  smaller,  the  shock  waves  induced  in  the  acceptor*  become  more  sharplv 
divergent  so  that,  to  be  self-sustaining,  more  vigorous  reactions  are  necessary  Since  the  reaction  rates 
of  explosives,  as  related  to  shock  strength,  vary  with  state  of  aggregation  as  well  as  composition, 
inversions  of  relative  sensitivity  (as  source  sizes  are  changed)  have  been  observed  between  explosives 
of  the  same  or  similar  composition  but  with  different  particle  size  and  even  between  samples  of  the 
same  lot  of  explosives  messed  at  different  densities 

Another  source  of  sensitivity  inversions  i\  the  effect  of  the  shock  impedance  (Hugoniot) 
mismatch  between  the  transfer  medium  and  the  acceptor  The  relatively  large  range  of  the  shock 
impedance  of  various  explosives  and  the  sharp  variation  of  this  property  with  loading  density  of  any 
given  explosive  arc  reflected  m large  differences  in  strengths  of  shock  waves  transmitted  to  the 
explosives  through  various  transfer  media  The  media  between  donor  explosive  and  acceptor  explosive 
also  vary  greatly  in  shock  impedance,  that  of  steel,  for  example,  is  eight  times  that  of  polymethyl- 
methacrylate (chemical  term  for  Lucite). 
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The  New  VARICOMP 

KcpuK-.il  herein  jiiJ  by  R Stresau  Laboratory,  Ine..^'7  is  an  effort  to  develop  a variant  of  the 
original  VARP'OMP  method  m which  the  effects  of  transfer  media  and  component  size  variables  (and 
resulting  sensitivity  inversions)  can  be  taken  into  account.  With  this  objective,  each  explosive  at  C3ch 
loading  densits  ot  interest  was  characterized  by  Proportional  Gap  Tests  (PGT)  where  donors  of  three 
sizes  <50.  KM),  and  ’00  mils  in  diameter)  and  two  transfer  media  (aluminum  and  steel)  were  used. 

Tfte  Strcsau  reports  include  an  account  of  the  development  of  the  PGT  and  detonation  transfer 
sensitivity  data  obtained  therewith  for  various  explosives.  These  include  PBXN-5,  Type  I.  PBXN-5, 
Type  II.  C!l-<*.  HN'S-IA.  PITN,  and  two  VARICOMP  mixes. 


CALIBRATION  k'STFM  FOR  NEW  VARICOMP 


The  genera!  arrangement  of  the  calibration  system  is  shown  in  Figure  I and  was  used  for  all  the 
design  explosives  and  VARICOMP  mixes  calibrated.  See  Appendix  A for  detailed  sketches  of  all 
components 


Donor  Initiation 

The  explosive  reaction  in  the  donor  initiators  is  initiated  by  ohmic  heating  of  the  stainless  steel 
oil  m contact  with  the  upper  surface  ot  the  lead  azide  initiator  charge  when  an  electric  current 
flows  through  the  very  small  contact  area  of  the  needle  electrode  in  o the  foil.  This  initiator,  with 
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Detonation  1 rnnsfer  Pnihabilitiet  With  Reduced  Dependence  Upon  System  Variables ).  Part  1(c).  Calibration  of  CH-6 
as  a Design  I sptow  Spooner.  Wts..  R.  Strcsau  Laboratory.  Inc..  1974.  (Report  RSLR  74-1  for  Naval  Weapons 
( enter.  China  l ake.  Calif. I 

3 !<  II.  Stresau  Deselopim  in  of  the  VARICOMP  Method.  Expansion  of  Applicability  (To  Determine 

Detonation  Transfer  Probabilities  With  Reduced  Dependence  Upon  System  Variables).  Part  I.  Calibration  and 

Characterization  of  PHXS  5 as  Design  Explosive.  Spooner,  Wis.,  R.  Stresau  Laboratory,  Inc..  27  December  1972. 

(Report  RSLR  72-7  for  Naval  Weapons  Center,  China  Lake,  Calif.) 

4 R If  Stresau.  Development  of  the  VARICOMP  Method,  Expansion  of  Applicability  (To  Determine 
Detonation  Transfer  Probabilities  With  Reduced  Dependence  Upon  System  Variables).  Part  3.  Calibration  of 
RDXiCalctum  Stearate  Htnan  System  for  Use  as  "VARICOMP"  Surrogates  Spooner,  Wis..  R.  Stresau  Laboratory, 
Inc..  14  I ebruarv  1 *» 7 3 . (Report  RSLR  73-1  for  Naval  Weapons  Center,  China  Lake,  Calif.) 

4 R If.  Stresau.  Development  of  the  VARICOMP  Method.  Expansion  of  Applicability  (To  Determine 

Detonation  Transfer  Probabilities  With  Reduced  Dependence  Upon  System  Variables).  Part  5.  Calibration  of  PETS 
tor  Use  as  a Surrogate  for  PBXN-3  In  Safety  Tests.  Spooner.  Wis.,  R.  Strcsaul  Laboratory,  Inc.,  ft  May  1973. 
(Report  RSI.R  73-2  for  Naval  Weapons  Center,  China  Lake,  Calif. I 

*R  It.  Stresau.  Development  of  the  VARICOMP  Method.  Expansi  m of  Applicability  (To  Determine 

Detonation  Transfer  Probabilities  With  Reduced  Dependence  Upon  System  Variables).  Part  2.  Formulation  of 

VARICOMP  Mixtures  With  Minimum  Dependence  of  Sensitivity  Upon  Donor  Diameter.  Spooner,  Wis.,  R.  Stresau 

l aboratory,  (m  . 14  June  1973.  (Report  RSLR  73-3  for  Naval  Weapons  Center,  China  Lake,  Calif.) 

2 M.  J.  Pcsko  and  R.  II  Strcsau.  Development  of  the  VARICOMP  Method,  Expansion  of  Applicability  (To 
Determine  Detonation  Transfer  Probabilities  With  Reduced  Dependence  Upon  System  Variables) i Part  4.  Preparation 
and  Calibration  of  VARICOMP  Mixtures  With  Minimum  Dependence  of  Sensitivity  Upon  Donor  Diameter.  Spooner. 
Wis.,  R.  Strcsau  Laboratory.  Inc..  21  January  1974.  (Report  RSLR  74-2  for  Naval  Weapons  Center.  China  Lake. 
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FIG  A-6 

(BOTH  SOFT  AND 
HARO  BLOCKS  USED) 


flGURL  2.  Donor  Output  Test. 


Donor  Pellets 


The  Stokes  tablet  machine  was  used  to  press  the  pellets  because  several  thousand  donor  pellets 
of  each  size  were  required.  Since  the  Stokes  machine  measures  the  charge  volumetncally  and  presses 
it  to  constant  dimensions,  there  was  some  question  regarding  the  uniformity  of  density  that  could  be 
attained.  Because  initial  pellets  pressed  showed  that  the  density  varied  much  more  than  could  be 
tolerated,  the  PBXN-5  was  subdivided  into  three  lots  (1)  that  held  on  the  30-mesh  sieve,  (2)  that 
which  passed  through  a 30-  but  not  a 35-mesh  sieve,  and  (3)  that  which  passed  through  the  35-mesh 
sieve;  each  of  these  was  then  used  for  each  A the  three  pellet  sizes  To  obtain  uniform  density,  the 
Stokes  press  was  modified  with  a elastomer  die  spring  (Figure  4)  to  press  to  a nearly  constant 
pressure,  rather  than  a constant  volume  as  it  does  tn  normal  operation.  With  this  modification  the 
pellets  were  pressed  as  specified  in  Figure  5. 
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TABLE  1.  Donor  Dent  Output  Date. 

Dent  depth,  mils 


Donor  charge 
diameter  mils 

Son  witness  blocks 
Rockwell  B (tS-95) 

Hardened  witness  blocks 
Rock*  f v ‘49-52) 

Av 

Std  dev 

Av 

Std.  dev 

50 

5 74 

046 

2 74 

0 27 

100 

13  9 

044 

645 

0.31 

200 

2665 

166 

13  03 

043 

TAPPET  FORK 
'.ADJUSTED 
TO  LEAVE 
GAP) 


FRAME  OF 
PRESS  • 


STEEL  PLATE 
1/4  IN  THICK 


BOTTOM  RAM 
OF  PRESS 


LOWER 

ADJUSTMENT 

NUT 


ADJUSTMENT  SCREW 
AND  SPRING  TENSION 


ELASTOMER  DIE 
SPRING 

(COMPOUND  #7560, 
DISOGRIN  INDUS- 
TRIES. MANCHESTER.  N.  H.l 


FIGURE  4.  Modification  of  Stokes  Tablet  Machine  (Modet  1 1-4)  for  Constant  Pressure  Loading. 
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O MATERIAL.  MXN4,  MOL  LOT  M03 
OENStTY  1.70  « 0.03  O/CC 


T 

L 

_L 


ITEM 

DIAMETER  <D».  IN 

LENGTH  (L>.  IN 

1 

0049  + 0000 
0049  - 0002 

0.032  (REF) 

2 

<w»:8£ 

0.072  (REF) 

3 

0145  .'EF) 

FIGURE  5.  Donor  fttlet. 

Acceptor  Pellets 

The  acceptor  pellets  were  hand-1  oided  at  a constant  pressure  for  each  test,  the  explosive  for 
each  pellet  being  weighed  separately.  The  loading  pressure  was  adjusted  to  obtain  the  specified 
density  after  which  the  density  was  held  constant  for  all  the  pellets  used  in  a given  test.  Loading 
densities  were  determined  from  dimensions  and  weights  of  the  individual  pellets.  Dimensions  were 
usually  measured  with  a micrometer  or  dial  indicator  height  gauge,  but  for  smaller  pellets  of  softer 
materials,  optica)  measurements  were  sometimes  necessary  (a  pellet  is  compared  with  a drill  blank  of 
similar  diameter  in  a photomicrograph).  The  pellets  were  weighed  with  an  analytical  or  semtmicro 
analytical  balance. 
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Attenuators 

The  material  used  for  the  aluminum  attenuators  was  2011*0  aluminum  for  the  thick  ones  and 
1 100-0  aluminum  for  the  thin  ones.  Cold-rolled  AISI  C1215  steel  was  used  in  all  cases  for  steel 
attenuators  with  200-mil-diameter  donors,  and  low  carbon  shim  steel  was  used  for  50*  and 
100-mil-diameter  donors.  Figure  6 gives  details  on  the  attenuators  used  and  the  alternate  attenuators. 
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h— 0.626 

to  125  IN 


ETCH  TO  THICKNESSES 
NOT  AVAILABLE  IN 
SHEET,  STRIP,  OR 
FOIL 


THICKNESS  VARIABLE  PER  TABLE  2 
ALTERNATE 


MATERIAL 

ALUMINUM  110(H)  OR 
LOW  CARBON  SHIM  STEEL 


MATERIAL 
ALUMINUM  2011-0 
OR  STEEL  AISI  C1215 
(MAY  BE  MACHINED  IN 
CONDITION  T3  AND 
ANNEALED  TO  CONDITION  0) 


FIGURE  6.  Attenuator. 


Acceptor  and  Donor  Holders 


Delrm  (trade  name  for  an  acetal  resin  thermoplastic)  was  used  as  the  acceptor  and  donor  holder 
materiaJ  in  all  calibration  tests  It  was  chosen  because,  in  general,  it  is  a good  impedance  match  for 
the  explosive  being  calibrated  and  thereby  minimizes  reflected  shock  waves.  In  addition,  the  diameter 
of  the  acceptor  was  twice  the  diameter  of  the  donor,  which  makes  the  acceptor  appear  infinite. 


STATISTICAL  ANALYSIS 


The  test  procedure  used  m all  explosive  and  VARICOMP  calibrations  was  the  Bmceton  method 
for  which  the  succession  of  “step  size”  should  be  uniform  with  respect  to  an  appropriate 
“normalizing  function.”  This  resulted  m the  establishment  of  the  stalled  “decibang”  (DBg)  as  a unit 
of  initiation  intensity  (stimulus),  DBg  scale  was  used  m the  calibrations  reported  herein.  The  first 
trial  of  a test  is  performed  at  one  of  a series  of  preestabhshed  sets  of  conditions  or  steps.  The  step 
size  used  in  all  calibrations  was  0 2S  DBg,  except  for  SO-mil-diameter  PBXN-5,  Type  11,  with 
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aluminum  attenuators  where  the  step  si/e  was  0 50  DBg  If  a detonation  results,  the  next  test  is 
performed  at  an  adjacent  step  in  the  direction  less  conducive  to  detonation.  If  it  misfires,  the  next 
test  is  performed  at  the  adjacent  step  in  the  direction  of  increasing  detonation  transfer  probability 
The  test  is  continued  in  this  manner,  the  condition  of  each  test  being  determined  by  the  results  of 
the  previous  ones  until  30  tests  in  all  are  performed. 

For  each  explosive  (loaded  at  each  pressure  at  which  it  is  to  be  tested),  two  trials  arc  performed 
with  the  arrangement  shown  in  Figure  !,  except  that  no  attenuator  is  used  The  depth  of  the  dent 
produced  in  these  two  trials  is  averaged,  and  the  “criterion  of  fire*'  used  fur  this  combination  of 
explosive  and  loading  pressure  is  taken  as  50%  of  this  average  (the  “zero  gap  dent") 

The  data  obtained  in  the  Bruceton  test  is  then  analy/ed  to  obtain  estimates  of  the  mean  (the 
condition  at  which  50%  will  detonate)  and  standard  dcvation  of  the  test  variable  and  the  errors  of 
these  estimates  For  the  tests  and  calibrations  reported  herein,  the  probability  of  detonation  is 
assumed  to  be  a norma!  distribution,  however,  in  Appendix  B the  data  has  been  analyzed  assuming  a 
logistic  distribution8  that  has  been  shown  to  more  nearly  approximate  the  actual  distribution  for 
clectroexplosive  devices  jnd  in  general  gives  more  conservative  estimates  of  thr  “no-fire”  and 
“all-fire”  levels  No  data  is  available  as  to  whether  the  same  is  true  for  detonation  transfer  as 
reported  herein  However,  if  the  required  reliability  and  safety  can  be  established  using  the  logistic 
analysis,  there  is  greater  assurance  that  the  required  levels  have  indeed  been  met,  than  with  an 
assumed  normal  distribution 


Definition  of  Decibang  (Small-Scale  Gap  Test) 

The  original  VARICOMP  procedure  used  DBg  as  its  unit  ot  stimulus  to  quantify  sensitivity  to 
initiation  of  various  explosives  The  SSGT  was  used  for  all  calibrations  of  sensitivity  These  tests  used 
Lucite  barrier  (attenuator)  material  and  provided  a measure  of  snock  transfer  sensitivity  only  at  a 
single  diameter 

In  the  SSGT.  the  equation  relating  stimulus  to  barrier  thickness  is  given  as 
X = 30  - 10  log  * 


where 


t is  in  mils  and  X is  the  stimulus  in  DBg,  or 
X « 10  log  i 


where 


g is  the  barrier  thickness  in  inches 


I 

* Naval  OrJnance  Laboratory,  logistic  Analytit  of  Bruceton  Data,  by  L.  D.  Hampton,  G.  D.  Btum,  and  l.  N.  \ 

Ayro.  White  Oak.  Md..  NOL.  23  July  1973  (Report  NOLTR  73-91  ) \ 
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Definition  of  Proportional  Gap  Test 

The  new  VA'tICOMP  procedure  used  the  PGT,  and  the  proportional  DBg  is  used  as  a unit  of 
stimulus  For  the  PGT  reported  herein,  the  same  series  of  gap  thickness  was  adopted,  hut  tu  avoid 
ambiguities  resulting  from  the  detailed  differences  in  test  conditions  from  the  SSGT,  the  sensitivity 
gap  deeding  unit  is  called  relative  decibang  (RDBg)  The  calibration  tests  were  performed  using  the 
same  thickness  barriers  as  the  SSGT.  Table  2 lists  the  DBg  or  RDBg  values  versus  the  thickness  of 
the  barriers 

For  the  calibrations  reported  herein,  the  equation  relating  stimulus  intensity  in  proportional  DBg 
to  system  dimensions  is 

X (PAlDBg  or  DStDBg)  = 10  + 10  log  dig 

where  d is  the  donor  diameter  in  mils  and  g is  the  barrier  thickness  in  mils.  It  was  dec,ded  to 
identify  the  stimulus  intensity  as  Proportional  Aluminum  Gap  Decibang  (PAlDBg)  or  Proportional 
Steel  Gap  Decibang  (PStDBg),  which  also  indicates  attenuator  material. 


Calculation  of  Reliability  Estimates 

To  convert  from  RDBg  to  PAlDBg  or  PStDBg,  proceed  as  follows.  For  1 00-mil -diameter  donors. 
DBg  or  RDBg  is  equal  to  PAlDBg  or  PStDBg.  since  10  log  1/*  equals  10  + 10  dig  where  d * 100 
mils-Substituting  d * 50  and  200  mils  and  subtract  3 01  DBg  to  convert  to  PAlDBg  or  PStDBg  for 
the  50*mil-diamcter  donor  and  add  3 01  DBg  for  the  200-mil-dtamcter  donor. 

To  obtain  estimates  of  minimum  values  at  95%  confidence  of  the  stimulus  level  required  for  99, 
99.9,  and  99  99%  reliability,  the  maximum  value  at  95%  confidence  of  the  mean  stimulus  was  added 
to  2 327.  3.090,  and  3.719,  respectively,  times  the  maximum  value  at  95%  confidence  of  the 
standard  deviation. 

To  obtain  required  stimulus  for  any  given  value  of  reliability,  assuming  a normal  distribution, 
the  equation  is  3s  follows 

X,  = X * T\ox  + tfo  ♦ Toa )] 


where 


Xt  a stimulus  at  desired  reliability 
r*  1 76 

ox  * standard  deviation  of  mean 
aa  * standard  deviation  of  standard  deviation 
t * number  of  standard  deviations  from  the  mean  for  desired  reliability 
^“mean  sensitivity 
a * standard  deviation 

The  values  of  o,  ax%  o0 , and  X jre  taken  from  the  tables  for  each  of  the  design  and  VAR1COMP 
explosives  in  this  report.  This  is  done  for  each  of  the  three  calibration  diameters,  and  then  a smooth 
curve  is  drawn  through  the  three  points  to  obtain  the  stimulus  versus  donor  diameter  curve. 
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TABLE  2.  Gap  Decibangs  or  Relative 
Deci bangs  as  a Function  of 
Barrier  Thickness. 

(SeeFigur*  6) 
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CALIBRATION  RESULTS 

The  result*  of  all  VARICOMP  and  design  explosives  calibrated  are  presented  in  both  tabular  and 
graphical  form  Reported  are  (1)  RDX/calcium  stearate  binary  series  (the  same  as  used  in  the  original 
VARICOMP  work  done  by  NOL.  White  Oak,  about  I960),  (2)  RDX/calcium  soap  series  (developed 
during  the  effort  reported  herein),  (3)  CH-6,  (4)  PBXN-5,  Type  I,  (5)  PBXN-5,  Type  II  (6)  HNS-IA, 
and  (7)  PETS  As  mentioned  previously,  all  calibrations  were  based  on  the  30-shot  Bmceton  test  and 
statistically  analyzed  as  a normal  and  logistic  distribution 


I.  RDX/Calcium  Stearate  Binary  Series  (VARICOMP) 

RDX/calcium  stearate  was  chosen  to  be  calibrated  because  it  has  a marked  dependency  of 
sensitivity  in  terms  of  peak  pressure  or  gap  units  upon  pulse  duration  or  donor  diameter.  AM 
acceptor  pellets  (RDX/caluum  stearate)  were  pressed  at  32  kpsi  for  the  calibration  tests  After  some 
preliminary  test*  with  the  series  containing  4 99%  calcium  stearate  (X358)  and  9 16%  calcium  stearate 
(X366),  where  the  X designation  refers  to  tne  NOL.  White  Oak.  lot  identification  of  the  various 
mixtures,  it  was  fell  that  sensitivity  spacing  resulting  from  a change  in  stearate  content  by  a factor 
ol  two  seemed  to  be  appropriate  The  following  series  with  percentage  content  of  stearate  was 
chosen 


X353.  2 54% 

X358.  4 99% 

X366,  9 16% 

X384,  18.7% 

U was  found  that  100-mil-diameter  donors  were  incapable  of  initiating  the  material  containing  18  7% 
calcium  stearate  (X384),  16  55%  (X38I).  or  14  16%  (X378)  without  any  attenuator  between  the 
donor  and  acceptor.  Therefore,  it  was  decided  to  calibrate  12.79%  (X374)  as  well  as  X353.  X358, 
and  X366  Tables  3 and  4 show  the  results  of  the  calibration  and  Figure  7 and  8 are  the  graphical 
results  of  the  mean  sensitivity  at  the  lower  95%  confidence  level,  which  will  be  useful  for  evaluation 
of  an  explosive  train 


2.  RDX  ( 2-Micron  )/Calcium  Soap  Series  (VARICOMP) 


RDX  (2-micron)  calcium  soap  was  chosen  as  one  of  the  VARICOMP  mixes  whose  sensitivity  in 
terms  of  peak  pressure  or  gap  units  would  be  relatively  independent  of  pulse  duration  or  donor 
diameter  The  lots  have  been  designated  I35A,  I35B,  and  I35E.  Many  different  cxplosive-desensitizer 
combinations  were  explored,  and  some  of  this  effort  and  the  details  on  the  mixing  of  these 
VARICOMP  lots  are  discussed  in  Appendix  C. 
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TABLE  3 Proportional  Gap  Test  Data  for  RDX/Caloum  Stearata  Binary  Saries 
Loaded  at  32  kps i With  Aluminum  Attenuators. 


Acceptor  material, 
stearate  content, 
VNOl  No 

Donor 

diameter, 

mils 

Attenuator 
mater  .a! 

Acceptor 

density, 

g/ce 

Mean 

sensitivity  X, 

RD6e 

Mean 

sensitivity  X. 

PAlDBfl 

Std  dev. 

o,  DBgo 

Std  dev 
of  mean 
°X-  DB* 

Std.  dev  of 
std.  dev  o0. 
DBg 

2 54/ X 353 

50 

Al  11004'' 

1,671 

18  392 

15  382 

0633 

0152 

0 312 

15116 

too 

ai  20i vor 

1 669 

11  342 

11  242 

0163 

0045 

0064 

11  162 

200 

ai  son  o' 

1 660 

6 825 

9 735 

0 245 

0 064 

0067 

9623 

4.99/ X358 

50 

Al  11000* 

1614 

21  413 

18403 

0 625 

0161 

0 333 

18  117 

100 

At  201. tf 

1638 

11  692 

11  592 

0 163 

0044 

0 053 

11.514 

200 

Al  0011*0' 

1627 

7 214 

10  124 

0085 

0 028 

0061 

tO  070 

9 16/X366 

50 

Al  11000* 

mf d 

too 

1 607 

14  125 

14  125 

0 188 

0 051 

0062 

14  034 

200 

A!  2011-0* 

1609 

800 

1091 

0063 

0021 

\3872 

12.79/X374 

50 

Al  11000* 

inf.*f 

100 

1 549 

16.433 

16  433 

040 

0106 

0.178 

16  245 

200 

Al  20*10* 

1 578 

8 525 

11  435 

016 

0044 

0 051 

11  358 

* Minimum  at  95%  confidence 
^ Sheri,  strip,  or  foil 

* Bar  s.ock,  sl«ed  in  lathe 


**  Inanity,  acceptor  was  not  initiated  withou:  an  attenuator 
' Standard  deviation  too  small  tor  deviation  of  deviation  to  be 
calculated  by  Bruce  ton  analysts  procedure 


TABLE  4.  Proportional  Gap  Test  Data  for  RDX/Calcium  Stearate  Binary  Senes 
Loaded  at  32  kpsi  With  Steel  Attenuators, 


Acceptor  material, 
stearate  content, 
%/NOL  No 

Donor 

diameter, 

mils 

Attenuator 

material 

Acceptor 

density, 

g/cc 

Mean 

sensitivity  X. 
RDBg 

Mean 

sensitivity  Xf 
PStDBg 

Std  dev. 
a,  DBg 

Std  dev 
of  mean 
oy,  DBg 

Std.  dev.  of 
std  dev.  o0 
DBg 

Stimulus  'or 
50%.*  PStDBg 

2 54/X353 

50 

Steel* 

1 671 

23  742 

20  732 

060 

0144 

0.291 

20,478 

100 

Sleet* 

1 669 

15.358 

15  358 

0 25 

0 065 

0 089 

15  244 

200 

Steel,  C1215* 

1 660 

10.542 

13  526 

0 155 

0043 

0.051 

13  449 

4 99/X358 

50 

Steel* 

1.614 

25  292 

22  282 

0.268 

0069 

0 097 

22.161 

100 

Steel  ^ 

1 638 

15992 

15  992 

0 063 

0021 

d 

15.955 

200 

Steel.  Cl 21 5‘ 

1 627 

10  696 

13  680 

0 095 

0 031 

0052 

13  625 

9 16/X366 

50 

Steel* 

ml.*’ 

100 

Steel* 

1 607 

20  304 

20  304 

0443 

0.199 

0 195 

20  105 

200 

Steel,  Cl  21  S' 

1 609 

11.867 

14.857 

0,093 

0 031 

0042 

14  803 

12.79/X374 

50 

Steel  ^ 

mf e 

. 

100 

Steel* 

1 549 

22  357 

22  357 

0443 

0 112 

0195 

22  158 

200 

Steel.  CI21S1 

1 578 

12  758 

15  742 

0 275 

0068 

0101 

15  622 

a Minimum  at  95%  confidence 


Low  carbon  shim  ste"  I 


c Bar  stock,  sliced  in  lathe 


^ Standard  deviation  too  small  foi  deviation  of  deviation  to  be 
calculated  by  Bruceton  analysis  procedure 


c Infinity,  acceptor  was  not  initiated  without  an  attenuator 
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OONOR  DIAMETER,  MILS 
I KiURt  7.  Proportional  Gap  Sensitivities  (Minimum 
at  95*?  Confidence)  of  RDX/Calctum  Stearate 
Binary  Sene*  With  Aluminum  Attenuator*.  Binary 
*cne*  described  in  NOLTR  63-91  (lec  text  footnote 
9) 


For  the  calibration  of  this  VARICOMP  mix.  the  explosive  was  prepelletcd  at  a pressure  of  100 
kpsi.  Densities  were  determined  by  dividing  the  weights  of  the  pellets  by  their  volumes.  Densities  so 
measured  arc  average  density*,  giving  no  clue  regarding  point-to-point  variations  in  local  density.  It  is 
reasonable  to  expect  tnat  the  local  density  at  the  input  surface  would  affect  the  sensitivity  to 
initiation  more  directly  than  the  average  density  This  was  verified  by  a short  test  of  material  from 
Lot  I3SE  using  100-mil-diamctcr  donors  and  steel  attenuators  in  which  sensitivities  of  the  two  ends 
of  a pellet  were  compared  With  the  “hard”  end  (that  toward  the  moving  ram  in  the  pressing 
operation)  toward  the  donor,  the  mean  stimulus  was  20  375  PStDBg,  while  the  “soft**  end  toward 
the  donor,  the  mean  stimulus  was  18  54  PStDBg. 


19 


1 


I 


22 1 


NWC  TP  5789 


DONOR  DIAMETER,  MILS 
hKil'Rh  8 Proportional  (lap  Sensitivities  (Minimum 
at  95"  Confidence)  of  RI)\/(  jkiuni  Stearate  Binary 
Series  With  Steel  Attenuators.  Binary  series  described 
in  NOLTR  63*91  (sec  text  footnote  9i 


A study  of  the  data  reveals  further  evidence  that  density  gradients  in  pellets  pressed  in  single 
action  pelleting  tools  can  significantly  affect  gap  test  results9  In  addition  to  the  effects  of  this 
gradient,  the  pellet  densitv  may  differ  from  local  density  because  of  cracks  that  arc  often  apparent 
along  planes  perpendicular  to  the  axes  of  the  pellets  Sometimes  these  cracks  may  cause  enough  axial 
cxpinsion  to  reduce  the  calculated  density  significantly  Another  source  of  density  variation  was  the 
expans  an  of  the  pellets  with  time  When  Lot  I35K  wa»  first  made,  a few  sample  pellets  (400  mils  in 
diameter)  were  pressed  and  the  density  determined  within  a few  minutes,  the  density  at  this  time 
was  between  98  and  999?  of  the  maximum  theoretical  density.  However,  a sample  drawn  from  these 
pellets  after  a few  days  had  a density  of  only  97.29?  of  the  maximum  theoretical  density.  The  effect 
of  this  relaxation  on  gap  tests  results  was  noted  where  the  mean  stimulus  in  the  screening  tests 
(those  performed  shortly  after  the  mix  was  completed)  was  higher  with  the  200*mil*diametcr  donors 
and  lower  with  the  50-mil*diametcr  donors  than  was  the  mean  stimulus  of  the  Bruccton  tests. 

9 Naval  Ordnance  Laboratory  RDXiCalcium  Stearate  Binary  Si  stent  Explosive  Sensitivity  Calibration,  by  J.  N 
Ayres  and  C W RAndall  White  Oak.  Md . NOL,  15  M»y  1970.  (Report  NOLTR  63*91  > 
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The  foregoing  discussion  of  density  effects  suggests  that,  when  using  material  from  Lots  135A, 
135B,  and  13^F  as  VAR1COMP  surrogates  (with  the  calibration  data  given  herein),  the  specimens  be 
prepared  as  follows 

1 Prepellet  whenever  possible 

2 Use  headless  press-fit  drill  bushings  as  dies  and  drill  blanks  of  the  same  size  designation  as 
rams,  bushings  and  blanks  are  each  made  by  a number  of  manufacturers  to  standard  fractional  letters 
and  number  drill  sizes  Figure  9 shows  the  general  design  of  the  leading  tools 

3 Press  at  ! 00,000  pounds  per  square  inch  with  a 10-second  dwell. 

4 Allow  pellets  to  age  24  to  48  hours  bclore  testing. 

5 Detcimme  loading  density  of  pellets  They  should  be  close  to  those  values  listed  in  Tables  5 
and  6 

6 Install  with  “hard"  end  (that  toward  moving  ram  when  pressing)  toward  the  donor 

Tables  5 and  6 show  the  results  of  the  calibration  and  Figures  10  and  11  arc  the  graphical 
results  of  the  mean  sensitivity  at  the  lower  ^5^  confidence  level,  which  will  be  useful  for  evaluation 
of  an  explosive  tram 

Data  reported  herein  led  to  the  conclusions  that 

1 RDX  can  be  reduced,  in  particle  size,  (2  microns  maximum)  by  solution  in  hot  acetone  and 
precipitation  by  mixing,  in  a turbulent  flow,  witn  ice  waier  (see  Appendix  C) 

2 Such  finely  divided  RDX.  coated  with  calcium  soap  (precipitated  front  sod, urn  soap  solutions 
in  which  tttc  RDX  is  suspended  as  a flurrv)  and  pressed  at  100.000  psi,  to  densities  over  Q5%  of  the 
theoretical  maximum  ot  the  mixture,  has  sensitivities  appreciably  less  dependent  upon  djnor  size  (in 
proportional  g«p  tests)  than  coarser  (Class  A)  RDX  coated  with  calcium  steaiate 
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1 1GURE  9.  Suggested  Pellet  Loading  Tool  Design. 
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donor  diameter,  mils 


FIGURE  H>.  Proportion*!  G*p  Senrutmtiet  (Minimum 
*t  95*  Confidence)  of  RDX  (2Vticron)/C*!ctum  Soip 
VARICOMP  Surropter  With  Aluminum  Attention. 


DONOR  DIAMETER,  MIES 


FIGURE  U.  Proportion*)  G»p  Seniitivitlei  (Minimum 
■t  95*  Confidence)  of  RDX  (2-Micronl/Calctuin  Soap 
VARICOMP  Sunopte*  With  Steel  Attenuator* 
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3.  Calibration  data  have  been  obtained  with  the  proportional  gap  test  of  three  such  mixtures  ■ 

J containing  5 6 (135B).  11.6  (135A).  and  19.5%  (I35E)  calcium  soap.  These  data  can  then  be  plotted 

\ | in  coordinates  of  proportional  dec i bangs  versus  donor  diameter  along  with  similar  data  for  members  j 

ot  the  existing  RDX.  Class  A/caicium  stearate  binary  senes  of  VARICOMP  surrogates  and  printed  on  j 

tran  /arencies  Finally,  superposition  of  the  VARICOMP  on  similar  plots  for  design  explosives  can  be  j 

used  to  rapidly  design  and  interpret  VARICOMP  experiments  to  evaluate  reliability  of  fu/c  explosive 
systems 

4 It  is  recommended  that,  when  „»ing  the  135  scries  mixtures  as  VARICOMP  surrogates, 
specimen  pieparation  simulate  as  closely  as  practical  that  used  in  calibration  tests 

3.  CH-6 

The  CH-6  calibrated  was  from  Holston  Ordnance  Works,  Lot  HOL-I20-2,  which  is  an  average  lot  j 

of  CH-6.  Figure  12  is  a plot  of  the  mean  stimulus  for  initiation  of  CH-6  at  densities  of  16  and  ! 

1 7g/cc  as  determined  with  steel  and  aluminum  attenuators.  The  most  obvious  feature  of  Figure  12  is  { 

the  proximity  of  the  curves  tor  the  two  _ allies  at  the  larger  donor  diameter  and  the  wide  j 

separation  at  the  smaller  donor  diameter  This  separation  by  density  indicates  that  the  critical  j 

diameter  of  CH-6  is  smaller  at  a density  of  1.7  g/cc  than  at  a density  of  1 6 g/cc  From  the  practical 
viewpoint.  Figure  12  serves  to  emphasize  the  need,  where  donors  of  small  sizes  are  used,  for  the 
specification  and  maintenance  of  relatively  high  loading  densities  for  CH-6  acceptors.  Figures  13 
through  16  are  additional  plots  of  CH-6  and  one  of  the  VARICOMP  series  for  c . ious  densities  and 
attenuators  Table  7 lists  the  calibration  data  results  for  CH-6 


4.  PBXN-5,  Type  I 

Results  of  the  PGT  for  an  assumed  normal  distubution  of  PBXN-5,  Type  I.  at  densities  of  1 7 
and  1 8 g/cc  are  given  in  Table  8 and  plotted  in  Figures  17  through  21  Note  the  significantly  lower 
variability  with  respect  to  size  as  compared  to  CH-6 


5.  PBXN-5,  Type  I! 

The  PBXN-5,  Type  II,  was  calibrated  using  only  aluminum  attenuators  at  densities  of  ! 7 and 
18  g/cc  and  was  identified  as  ,,Bimodal  PBXN-5,  Batch  5103-L-I,  Lot  578-1.*’  The  “bimodaf* 
designation  indicates  that  it  is  made  prior  to  the  issuance  of  a current  specification  for  PBXN-5  in 
which  the  designation  ‘Type  II”  was  applied  to  the  bimodal  material. 

Results  are  given  in  Table  9 and  plotted  in  Figures  22  and  23.  In  Figure  24.  the  mean  stunutus 
for  initiation  of  PBXN-5.  Type  II.  is  compared  with  similar  data  for  PBXN-5,  Type  I,  and  CH-6.  It 
may  be  noted  that  the  curves  for  PBXN-5,  Type  II,  arc  much  closer  to  those  for  CH-6  than  to 
PBXN-5,  Type  I.  This  tends  to  corroboiatc  earlier  impressions  that  state  of  aggregation,  and  in 
particular  particle  size  and  distribution,  can  outweigh  composition  in  affecting  suceptibility  to 
initiation  In  this  respect,  it  has  long  been  known  that  diameter  effects  can  be  more  severe  and 
failure-diameters  can  be  larger  m a bimodal  mixture  than  when  either  the  coarse  or  fine  component 
of  the  mixture  is  used 
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! IGURF.  12.  Proportional  C.jp  Test  Data  (Minimum  at 
953  Confidence)  for  CH-6 

At  the  lower  densitv  i 1 7 g/cc).  none  of  the  VARICOMP  explosives  that  have  been  calibrated 
can  be  used  in  reasonable  sample  sizes  to  demonstrate  reliability.  Therefore,  ti  is  recommended  that* 

I The  use  of  PBXN-5,  Type  II,  be  avoided  in  fu/e  explosive  components  that  must  be  initiated 
by  small  sources  or  attenuated  stimuli 

2.  In  any  fuze  component  application,  PBXN-5,  Type  II,  should  be  loaded  at  a minimum 
density  of  I 8 g/cc 

3.  Any  system  in  which  PBXN-5,  Type  II,  is  to  be  used  should  function  consistently  (better 
titan  507f  at  95%  confidence)  with  the  VARICOMP  X374  (containing  12.79%.  calcium  stearate) 
substituted  for  the  PBXN-5,  Type  II. 

6.  HNS-IA 

The  HNS-IA  calibrated  was  supplied  by  Chemtronics  Inc.  and  identified  as  HNS-IA , Lot  No. 
64-7,  Date  of  Manufacture  3-72.  The  two  densities  calibrated  were  1.4  and  l.SS  g/cc  using  only 
aluminum  attenuators.  The  results  of  this  calibration  (Table  10  and  Figures  25  and  26)  indicate: 

1.  Density  as  tested  (1.4  and  1.55  g/cc)  has  no  appreciable  effects  on  the  initiation  stimulus 
required  for  HNS-IA. 

2.  In  any  system  in  which  HNS-IA  is  used,  the  best  VARICOMP  substitute  would  be  I35E 
(19.23%  desensitized  RDX). 
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‘data  FROM  RSLR  73-1  (SEE  TEXT  FOOTNOTE 
41  FOR  MEMBERS  OF  BINARY  SERIES  DESCRIBED 
IN  NOLTR  63-91  (SEE  TEXT  FOOTNOTE  9' 

HGURE  16.  Proportional  Gap  Tcrt  Data  for  CH-6  at 
L7  fjcc  and  VARICOMP  Surrofato;  With  Steal 
Attenuatore. 


7.  PETN 

PETN  was  calibrated  for  use  in  explosive  tram  safety  evaluation  tests.  Two  different  types  of 
PETN  were  evaluated;  one  was  PETN  Superfine  and  the  other  was  PETN  from  Burlington,  Iowa,  Lot 
D471.  Preliminary  tests  of  PETN  Superfine  revealed  that  it  would  not  be  sensitive  enough  for  safety 
evaluation.  Therefore,  the  other  lot,  which  is  the  same  type  PETN  used  in  the  manufacture  of 
PBXN-301,  was  used  in  the  calibration  tests.  The  density  of  the  pellets  used  in  the  calibration  was 
1.4  g/cc.  Table  1 1 shows  the  results  of  the  calibration. 
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60  70  80  90  100  150 

DONOR  DIAMETER,  MILS 

a MINIMUM  RELIABILITIES  AT  95%  CONFIDENCE 

FIGURE:  18.  Proportional  Gap  Tctt  Data  for  PBXN-5. 
Tvpe  I.  at  L7  g/cc,  With  Aluminum  Attenuators 
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"MINIMUM  RELIABILITIES  AT  95*  CONFIDENCE 

FIGURE  23.  Proportional  Gap  Test  Data  for  PBXN-5, 
Type  II,  at  L8  gee.  With  Aluminum  Attenuators. 
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DONOR  DIAMETER.  MILS 


F IGURE  24.  Proportional  Gap  Test  Data  for  PBXN-S. 
Type  IF,  Compared  With  PBXN-5,  Type  I.  and  CH-6. 
With  Aluminum  Attenuators. 

USE  OF  DATA 


In  evaluating  the  reliability  of  an  explosive  train,  the  acceptor  explosive  is  usually  specified.  The 
first  step  in  evaluating  the  tram  in  “matching  of  slopes.”  Curves  for  the  design  explosives  and  the 
appropriate  attenuator  medium  arc  selected  from  the  curves  of  stimulus  versus  diameter  for  the  two 
VARICOMP  senes  If  combinations  of  steel  and  aluminum  or  other  media  arc  involved  in  the  system 
under  investigation,  it  is  advisable  to  u.e  both  sets  of  data  and  believe  the  least  optimistic.  When 
transparencies  of  the  curves  of  stimulus  versus  diameter  for  the  two  VARICOMP  surrogates  arc  used 
as  overlays  to  the  design  explosive  curve  (with  data  for  the  same  attenuating  medium  as  the 
transparency),  the  slopes  of  the  curves  for  the  VARICOMP  surrogates  are  compared  with  those  for 
the  design  explosive  The  scales  on  the  ordinate  must  be  identical.  If  the  slopes  of  the  curves  for  the 
design  explosive  are  similar  to  those  of  one  or  the  other  of  the  VARICOMP  surrogates,  that  series 
can  be  used  in  the  data  collection  scheme  Once  the  VARICOMP  senes  is  selected,  a number  of 
identical  tests  of  the  system  to  be  evaluated  should  be  performed  with  the  same  VARICOMP 
surrogate  substituted  for  that  design  explosive. 
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TABLE  11  Proportional  Gap  Test  Data  for  PETN  Burlington  Lot  D471, 
at  Density  of  1.4g/cc 


Donor 

diameter, 

milt 

Attenuator 

material 

Mean 

tanjitivitv  X, 
RDBo 

Mean 

tenimvity  X, 
PAlDBg and 
PStDB* 

Std.  Dev. 
o,  00s 

Std  dev. 
of  mean 
ax,  DBg 

Std  dev  of 
ltd.  dev.  a0. 
DBg 

Stimulus  for 
60%.J 

PAlDBg  end 
PStDBg 

so 

Al  3011-0*’ 

12  321 

9 221f 

0.135 

0041 

0.047 

9.293° 

100 

*■  201 1-0* 

8 558 

8.458^ 

0.250 

0.065 

0 089 

8 672° 

200 

Al  2011-T3*’ 

5 243 

&0774 

0 168 

0047 

0 055 

8.169° 

50 

Steat^ 

16.442 

13  432 

0 475 

0.115 

0206 

13  635 

100 

S««.  C1215* 

11.442 

11.426° 

0 250 

0 065 

0.069 

11  559f 

200 

StMl,  Cl  21 S*5 

7 025 

10010° 

0.163 

0.046 

0 053 

10.090° 

* Maximum  at  96%  confidence  1 Adjusted  to  equivalent  for  alumi  wm 

* Ba»  stock,  sliced  in  lathe  1 1000  or  low  carbon  shim  steal 

^ Low  carbon  shim  steel. 


Example  !.  Reliability  Analysis  of  PBXN>5.  Type  I.  Component 

Assume  we  wish  to  prove  99.93  reliability  at  a 95%  confidence  level  between  two  explosive 
components,  the  acceptor  is  to  be  loaded  with  PBXN-5.  Type  I,  whose  50  and  99  9%  initiation 
stimulus  versus  donor  diameter  is  shown  in  Figure  27.  the  50%  plot  is  not  needed  for  the  evaluation 
and  is  only  shown  to  indicate  the  relationship  to  the  99  9%  curves.  The  explosive  interface  material 
is  steel  In  testing  the  interface,  it  was  found  that  Lot  135A  is  the  least  sensitive  VARICOMP 
explosive  that  can  be  initiated  with  at  least  50%  reliability  at  95%  confidence  This  can  be  done  by 
achieving  initiation  at  least  5 times  in  5 trials,  7 times  in  8 trials.  9 times  in  1 1 trials,  etc.  Since  the 
curve  for  the  VARICOMP  explosive  is  at  all  points  above  and  to  the  right  of  the  99  9%  curve,  the 
reliability  of  the  interface  is  shown  to  be  at  least  99  9%. 


Example  2.  Reliability  Analysis  of  Explosive  “T”  Component 

If  the  slope  for  the  design  explosive  is  between  those  of  the  two  VARICOMP  series,  it  may  be 
advantageous  to  use  both  senes  as  shown  in  the  following  example. 

Suppose  an  interface  had  been  tested  using  VARICOMP  explosives  of  each  senes  as  surrogates 
for  the  design  explosive  “T,”  the  intended  acceptor  design  explosive.  Furthermore,  the  materials 
designated  X358  and  I35A  are  the  least  sensitive  of  their  respective  series  that  were  initiated  with  at 
least  50%  reliability  at  95%  confidence  This  can  be  done  by  achieving  initiation  at  least  5 times  in  5 
trials.  7 times  in  8 trials,  or  9 times  in  1 1 trials.  In  Figure  28,  the  estimate  that  the  interface  with 
an  acceptor  of  X358  is  more  than  50%.  reliable  indicates  that  the  locus  of  the  points  defining  the 
effective  donor  charge  diameter  and  stimulus  intensity  is  above  and  to  the  right  of  the  curve  AOB 
(the  plotted  data  relating  the  minimum  value,  at  95%  confidence,  of  the  mean  initiation  stimulus  to 
donor  diameter  for  X3S8)  Similarly  the  estimate  for  135A  indicates  that  the  locus  of  these  points  is 
above  and  to  the  right  of  the  curve  COD  When  these  indications  are  combined,  the  locus  must  be 
above  and  to  the  right  of  the  curve  AOD.  Since  this  area  is  above  the  curve  EF  at  all  points  (plotted 
data  relating  stimulus  for  which  the  predicted  reliability  of  the  design  explosive  “T”  is  at  least 
99.99%  at  95%  confidence  to  the  donor  diameter),  it  can  be  predicted  that  the  detonation  transfer 
reliability  at  the  interface  in  question  will  be  at  least  99.99%  at  95%  confidence  for  any  effective 
donor  diameter. 
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Example  3.  Safety  Analysis  of  PBXN-5,  Type  I,  Component 

To  utilize  PKTN  in  safety  evaluation  of  the  explosive  tram,  «evcral  procedures  can  be  followed. 
Two  of  those  procedures  and  sample  evaluations  are  outlined  below. 

Out-of-line  safety  was  demonstrated  by  a test  program,  including  a progressive  arming  Bruceton 
and  a two-level  progressive  arming  rundown  test,  of  the  statistical  design  described  in  MIL-STD- 
331  10  For  these  tests,  the  leads  were  loaded  with  PETN  that  was  calibrated.  As  outlined  in 
NAVORD  Report  2101 11  the  results  of  the  Probit  analysis  of  the  progressive  arming  test  data  gave  a 
"degree  of  safety"  of  17  which  corresponds  with  a safety  failure  probabdity  of  10"**  Under 
conditions  where  the  detonation  transfer  probability  of  PETN  is  10”3  or  less,  that  of  PBXN-5.  Type 
1,-  is  less  than  10-6  (Figure  29).  The  curve  for  l(T*  probability  of  detonation  transfer  of  PBXN-5  is 
at  all  points  above  and  to  the  right  of  the  10“3  probability  of  initiation  for  PETN. 


— — MINIMUM  RELIABILITIES  (95%  CONFIDENCE!  (PAIOBfl) 
FOR  DETONATION  TRANSFER  TO  PBXN  5.  TYPE  I, 
AT  LOW  (NEGATIVE  EXPONENTIALS  OF  TEN)  LEVELS 


— — maximum  reliabilities  <95%  confidence!  for 

INITIATION  OF  PETN  AT  LEVELS  GIVEN  IN 
PERCENTAGES 

FIGURE  29,  Example  of  Safety  Teat  Evaluation  for 
PBXN-5.  Type  I.  at  17  g/cc:  With  Aluminum 
Attenuators. 


,0MIL*STD-331.  Military  Standard  Fuze  and  Fuze  Components,  Environmental  and  Performance  Tests  for,  16 
Apni  1971. 

1 1 Naval  Ordnance  Laboratory  Statistical  Methods  Appropriate  for  Erahsatlon  of  Fuze  Expiosbre-Train  Safety 
Reliability,  by  H.  P Culling.  White  Oak.  Md.,  NOL.  October  1953. 
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Example  4.  Safety  Analysis  of  CH*6  Component 


In  the  preliminary  evaluation  of  the  design  concept  of  an  explosive  tram  with  a steel  rotor,  the 
acceptor  was  an  explosive  lead  loaded  with  CH-6  With  a density  of  1.7  g/cc.  Out-of-line  safety  was  to 
comply  with  the  objective  of  MIL-STD-1316A,12  which  states  that  the  safety  failure  rate  must  not 
exceed  KT6  All  five  trials  with  PETN  were  “safe**  as  defined  in  Test  115,  M1L-STD-33110  It  is 
determined  from  Table  12  that  5/5  safety  score  indicates  that  the  safety  failure  rate  for  PETN  is  less 
than  45.06ft  Figure  30  shows  that,  under  conditions  where  PETN  is  initiated  half  the  time  or  less, 
the  probability  of  detonation  transfer  to  CH-6  is  less  than  10”6  Again  all  points  of  the  probability 
of  detonation  of  the  CH-6  curve  for  10’6  arc  above  and  to  the  right  of  the  50%  probability  of 
initiation  curve  for  PETN. 

The  general  step-by-step  procedure  to  uc  used  in  evaluating  the  reliability  of  the  interface  is  as 
follows 

1 Assume  the  acceptor  explosive  at  the  interface  in  question  is  CH-6,  PBXN-S.  or  HNS-IA. 
Match  the  slopes  of  one  of  the  two  VARICOMP  series  with  the  design  explosive  with  the  proper 
barrier  material  and  density 

2.  Determine  the  reliability  of  the  interface  desired.  This  is  normally  dependent  upon  the 
desired  overall  reliability  of  the  complete  system  and  is  generally  expected  to  be  99.99%  at  95% 
confidence 

3.  With  a few  preliminary  tests  using  the  VARICOMP  senes  selected  in  place  of  the  design 
explosive,  determine  the  least  sensitive  VARICOMP  explosive  that  can  be  initiated.  Start  with  the 
least  sensitive  (highest  percentage  of  desensitizing  material),  and  if  that  cannot  be  initiated,  go  to  the 
next  least  sensitive,  etc 

4.  Perform  a number  of  tests  utilizing  the  particular  VARICOMP  senes  and  percentage 
desensitized  chosen  in  step  3 The  number  of  tests  performed  is  dependent  upon  the  users 
application;  if  a “quick  look’*  at  a new  interface  is  desired,  two  or  three  tests  may  be  adequate,  but 
for  determining  reliability  of  a production  type  item,  20  or  30  tests  may  be  desirable 

5.  If  the  number  of  fires  in  the  tests  of  step  4 is  shown  to  be  at  least  50%  at  95%  confidence 
by  utilizing  binomial  statistics  of  Table  12  (examples  are  12,  13,  14,  or  15  fires  m 15  tests),  and  the 
curve  relating  stimulus  to  donor  diameter  for  the  particular  VARICOMP  senes  is  at  all  points  above 
the  similar  curve  for  the  design  explosive  at  the  reliability  desired,  the  reliability  of  the  interface  has 
been  shown  to  be  at  least  that  good 
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**  MIL-STD-1316A  Military  Standard,  fuze.  Design  Safety.  Criteria  for.  17  September  1970. 

■ 


42 


NWC  TP  5789 


* 


I 


— MINIMUM  RELIABILITIES  <95%  CONFIDENCE) 
(PStOBfl)  FOR  DETONATION  TRANSFER  TO  CH-6  AT 
LOW  (NEGATIVE  EXPONENTIALS  OF  TEN)  LEVELS 

— —MAXIMUM  RELIABILITIES  <95%  CONFIDENCE)  FOR 

INITIATION  OF  PETN  AT  LEVELS  GIVEN  IN 
PERCENTAGES 

HGURF  30.  Example  of  Safely  TeM  Evaluation  for 
CH-6  at  L7  g/cc,  With  Steel  Attenuatoi  .. 


44 


i 


DETAILS  OF  CALIBRATION  SYSTEM  COMPONENTS 

This  section  contains  detailed  sketches  (Figures  A-l  through  A-ll)  of  components  used  in  the 
calibration  system.  See  also  Figures  I,  S,  and  6 


RD-1333  LEAD  AZIDE, 
0 100  IN  LONG  PRESSED  AT 
30  KPS  I 


FIGURE  A-L  Donor  Ch*r*e. 


DONOR  BODY 
(FIG  A-2) 


PBXN-5  PELLETS 
LENGTH-DIANI  RATIO 
NOT  GREATER  THAN 
0.75.  DENSITY 
1-70  i 0.02  G/CC; 
RECONSOLIDATE  ONCE 
AFTER  INSERTION  OF 
ALL  PELLETS  (OVER- 
FILL AND  REMOVE 
EXCESS  TO  FLUSH) 
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riGURf  A-2.  Donor  Body. 
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MATERIAL 


t 0 0995  =39 

2 0.2W  »7 

3 0404  Y 

I (CURE  A-4  Aturptor  Holder. 
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ITEM 

DIAMETER  ID),  IN 

LENGTH  (U,  IN 

1 

nftQq  ♦ 0000 
0 099  - 0 001 

a 066  t 0.001 

2 

019g  * 0 000 
w*  w 0 002 

0.130  i 0.002 

3 

0 ?QQ  + 0.000 

0:399  - 0 004 

0.260  t 0 004 

F1GURF  A-5.  Acceptor  PtUeL 


! I 


i 
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SURFACE  TO  BE 
FREE  FROM  FLAWS 


1/32  x 45  DEG 


— | 0.0005  IN 


MATERIAL  STEEL  1018. 

OR.  WHERE  'HARO'  BLOCKS  ..RE  REQUIRED. 
STEEL  DRILL  ROD  HARDENED  AND  DRAWN 
TO  ROCKWELL  C 49*52 


I IGURf  A-6.  Dent  BUkL. 


NWCTP5789 


-i 

— 

0.636 

1 

! 

1 

IN 

' 

1/ 

0.069  IN 


0.003  IN  RADIUS 


I (CURL  A-8  Flectiode  (Steel 
phonopapb  Needle). 


■ 0.0 


MATERIAL.  BRASS 
FIGURE  A-9.  Connector. 


Hih 


■i  MiMtmkiiiigf 


..w.w 


NWCTP6789 


S3 


NWCTP5789 


i Appendix  B 


LOGISTIC  ANALYSIS  DATA 

This  appendix  conlams  the  logistic  analysis  data  (Tables  B-l  through  B-12)  obtained  from  all 
calibration  of  both  types  of  VARICOMP  and  the  design  explosives  The  technique  for  using  the 
logistic  reliability  and  safety  analysis  is  the  same  as  that  described  under  "L'sc  ol  Data"  for  the 
assumed  normal  distribution 


Attenuator 

material 

Acceptor 

density 

nominal. 

g/ec 

„ Estimate  of 
sensitivity  X, 

PAIDBg  ^ 

Variability  of 
estimate  of 

Variability  of 
estimate  of 
gamme.Sp 

Stimulus  for 

99%.* 

PAIDBg 

Stimulus  for 

999%,* 

PAIDBg 

At 

1 40 

11  165  0 0670 

00337 

00296 

123560 

128962 

Al 

1 40 

10  5583  0 1207 

0.0552 

0 0447 

11  5706 

120293 

At 

1 40 

9985  01400 

00621 

0 0642 

10  6917 

108649 

Al 

1 55 

11  2317  0 1956 

0 0824 

00623 

129398 

13.7225 

Al 

1 55 

103583  00908 

0.0448 

00305 

11  1007 

114331 

Al 

1 55 

9 9500  00902 

0 0437 

0 0339 

10  7149 

11.0596 

a Minimum  at  96%  confidence 


TABLE  B-2  Logistic  Analysis  for  PBXN-5,  Type  II. 


15  7817  1 0382  0 4508 

11  1679  0 2041  0 0885 

14  8938  0 2143  00924 

14  8938  0 4911  0 2163 

11  5063  0 2489  0.1018 

0 1071  0 0503 


26  9412  321254 

129653  13  7865 

122131  130964 

19  4772  21  5786 

13  7413  14  7694 

10  7295  11.1327 


Stimulus  f or 
99.99%" 
PAIDBg 


Mw  Variability  of  Variability  of  Stimulus  for  Stimulus  for 

X.  w.m.ttol  «t.n»WOl  J9%.»  999*.“ 

PAIDBg  » ™»iS„  gtfnms.  Sg  PAIDBg  PAIDBg 


a Minimum  at  95%  confidence 


TABLE  B-3  Logistic  Analysts  for  PBXN  5,  TypeL 


Attenuator 

material 


M«.n 

ntl<^  sensitivity  X, 
nominal.  PA,0B9 


Variability  of  Variability  of  Stimulus  for 
it 'matt  o estimate  0f  estimate  of  99  'if 

mean,  Sm  gemma .Sa  PAIDBg 


Stimulus  for 
99  9%" 
PAIDBg 


Stimulus  for 
99  99%." 
PAioBg 


§is  iis  iss  Sis 


Attenuator 

material 

Acceptor 

density 

nominal. 

g/cc 

Mean 

sensitivity  X, 
PAlDBg 

Estimate  of 
gamma.  0 

Variability  of 
estimate  of 
" “*>•*/» 

Variability  of 
estimate  of 
gamma,  Sg 

Stimulus  for 
99%* 
PAlDBg 

Stimulus  lor 
999%* 
PAlDBg 

Al 

1 6 

23  86 

1 545 

06721 

1 7024 

10000 

100  00 

Ai 

1 6 

11  13 

0 204 

00884 

0 1468 

1286 

14  30 

Al 

St 

1 8 
1 6 

0 0957 
0 24 

00477 
0 0987 

00406 
0 014 

10  40 
2917 

1069 
30  22 

St 

1 6 

1562 

0 25 

0.1059 

0 1166 

17  28 

18  51 

St 

1 6 

1353 

0 0461 

0 0252 

0 021 

13  75 

13  88 

Al 

1 7 

16  65 

0 7289 

0 272 

0 4921 

28  80 

41  41 

AI 

1 7 

11  22 

0149 

00678 

0 0595 

1204 

12  54 

Al 

1 7 

990 

0 0605 

00307 

0 0294 

10  21 

10  39 

St 

t 7 

22  17 

047 

01893 

0 2679 

26  97 

31  28 

St 

1 7 

1529 

0 3075 

0 1278 

0 1535 

17  57 

19  34 

St 

--L7 

13  74 

00605 

00307 

0 0294 

1405 

14  23 

Minimum  at  95%  confidence 


TABLE  B 5.  Logistic  Analysis  fot  VA&lCOMP  Lot  135A 


Mean 

Attenuator  sensitivity  X.  Estimate  of 
matena'  PAlDBg  and  gamma,  g 

PStDBg 


Variability  of  Variability  of 
estimate  of  estimate  o* 

mean,  Sm  garnrru,,  Sg 


O 

Al 

1604 

0 4082 

0 1659 

! >: 

O 

Al 

12  14 

0 4468 

0 1872 

0' 

0 

Ai 

11  05 

0 3023 

0 1258 

0 

0 

St 

21  33 

0 2378 

0 0979 

0 

10 

St 

1626 

0 3380 

01393 

0 

0 

St 

1508 

0096 

0 0467 

oc 

a Minimum  at  95\  confidence 


TABLE  B-6  Logistic  Analysis  for  Vancomp  Lot  135B 
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TABLE  B 7.  Logntic  Analysis  for  VAR1C0MP  Lot  13SE. 


Donor 

diameter, 

mill 

Attenuator 

material 

Mean 

sensitivity  X, 
PAiDBg  md 
PStDBg 

Estimate  ot 
gamma,  g 

Variability  of 
estimate  of 
™*"sm 

Vanabitity  Of 
estimate  of 
gamma.  Sg 

Stimulus  for 
99%.® 

PAiDBg and 
PStDBg 

Stimulus  for 
999%.° 
PAiDBg  and 
PStOBg 

Stimulus  for 
99  99% ,® 
PAiDBg  and 
PStOBg 

50 

At 

19  55 

0 3672 

0 1517 

01377 

21  96 

23  06 

25  70 

too 

At 

1301 

0 3822 

01507 

01991 

16  22 

18  89 

22  27 

200 

At 

112? 

0 0672 

0 0450 

0 0383 

11  73 

11.99 

1229 

50 

St 

23  35 

0 1489 

00653 

00577 

24  16 

24  65 

25  21 

100 

St 

1854 

0 1686 

0 0799 

0 0794 

19  62 

20  37 

21  20 

200 

St 

15  18 

0 1937 

0 0647 

0 0845 

16  34 

1711 

1800 

a Mimmum  at  95%  confidence 


TABLE  B-8  Logistic  Analysis  for  RDX/Calctum  Stearate  NOL  No.  X-353 


Donor 

diameter, 

milt 

Attenuator 

material 

Mean 

sensitivity  X. 

PAIDBg and 
PStOBg 

Estimate  of 
g*mma,  Q 

Variability  of 
estimate  of 
m»n,Sm 

Variability  of 
estimate  of 
gamma.  Sg 

Stimulus  for 
99%.® 

PAiDBg  and 
PStDBg 

Stimulus  for 
909%? 
PAiDBg  and 
PStOBg 

Stimulus  for 
99  99V7 
PAiDBg  and 
PStDBg 

50 

Al 

1538 

0 382 

0092 

0 188 

18  42 

2091 

24  02 

100 

At 

11  24 

0 093 

0027 

0 032 

11  72 

11  98 

12  27 

200 

Al 

9 735 

0 14 

0 036 

0048 

10  46 

1089 

11.36 

50 

St 

20  73 

0 362 

0 087 

0 176 

23  52 

25  75 

28  54 

100 

St 

1536 

0 149 

J 039 

0 053 

1615 

16  62 

17  14 

200 

St 

13  53 

0 088 

0025 

0 029 

1396 

14  20 

14  46 

a M*ntmum  9*  95%  confidence 


TABLE  B-9.  Logistic  Analysis  for  RDX/Calcium  Stearate  NOL  No.  X3S8. 


Donor 

diameter, 

m>tt 

— 

Attenuator 

matenat 

Mean 

sensitivity  X. 
PAiDBg  and 
PStDBg 

Estimateof 
gamma,  g 

Variability  of 
estimate  of 

Variability  of 
estimate  of 
gamma,  Sg 

Stimulus  for 
99%® 

PAiDBg  and 
PStDBg 

Stimulus  for 
999V“ 
PAiDBg  and 
PStOBg 

Stimu'us  for 
90.99%,® 
PAiDBg  and 
PStDBg 

50 

*> 

1840 

0 3037 

0 078 

0162 

20  74 

2261 

24  95 

100 

Al 

11  59 

00896 

0024 

0 0296 

11  71 

12  2t 

12.54 

200 

Al 

1012 

0 0452 

0015 

0 033 

10  37 

10  52 

10  70 

50 

St 

25  29 

0156 

004 

0 057 

26  08 

2662 

27.20 

100 

S' 

1599 

0 032 

001 

00083 

26  06 

2642 

27  20 

200 

st 

1368 

0 051 

0017 

0 028 

1394 

14  10 

14  26 

J Mimmum  at  95%  conf  Jence 


TABLE  B tO.  Logistic  Anatysis  for  RDX/Calc»um  Stearate  NOL  No.  X366. 


Donor 

diameter, 

mils 

Attenuator 

materia* 

Mean 

sensitivity  X, 
PAiDBg  and 
PStDBg 

Estimate  of 
gemma. « 

Variability  of 
estimateof 
m«n,Sm 

Variability  of 
estimate  of 
gamma,  Sf 

Stimulus  for 

99%.® 

PAiDBg  and 
PStDBg 

Stimulus  for 
99  9%.® 
PAiDBg  and 
PStDBg 

Stimulus  fo. 

99  99%.® 
PAiDBg  and 
PStDBg 

50 

Al 

ml* 

100 

Al 

14  12 

0099 

0027 

0 033 

14.62 

14  89 

1519 

200 

Al 

1091 

0 0625 

0021 

0017 

11.21 

11  37 

11  53 

50 

St 

inf  ^ 

100 

St 

20  50 

0 265 

0067 

0117 

22  02 

23  25 

24  72 

200 

St 

1486 

0068 

0022 

0 031 

1519 

1539 

1556 

® Minimum  91  95%  confidence 

* Infinity,  acceptor  wet  not  initiated  without  an  attenuator 
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TABLES- 11.  Logistic  Analysis  for  ROX/Calcium  Stearate  NOL  No.  X374. 


Oonor  | 
diameter, 

milt  ! 

Attenuator 

material 

Mean 

sensitivity  X. 
PAlDBg  and 
PSlDBg 

Estimate  of 
gamma,  g 

Var lability  of  j 
ettimete  of  | 

sm 

Variability  of 
ettimata  of 
gamma,  Sg 

Stimulus  for 
99%* 

PAlDBg and 
PStDBg 

Stimulus  for 
999%," 
PAlDBg  and 
PStDBg 

Stimulus  f< 
99  99%/ 
PAlDBg  ar 
PStDBg 

50 

At 

inf  b 

I 

100 

Al 

16.43 

0237 

0063 

0 105 

17  92 

18.96 

20  20 

200 

Al 

tl  44 

0 092 

0 025 

0029 

11  89 

1215 

1241 

50 

St 

inf  b 

100 

s» 

22  36 

0 266 

0 068 

0 117 

24  08 

25  32  I 

26  80 

200 

St 

15  74 

0 162 

0 155 

0 059 

1665 

17.18  j 

17  78 

* Minimum  at  95%  confidence 

b Infinity,  acceptor  was  not  mutated  without  an  attenuator 


TABLE  B-12  Logistic  Analysis  for  PETN  at  Density  of  1.4  g/cc. 


Donor 

diameter. 

mitt 

Attenuator 

material 

Mean 

sensitivity  X, 
PAlDBg  and 
PStDBg 

Estimate  of 
gamma,  g 

Variability  of 
estimate  of 
me.n,Sm 

Variability  of 
estimate  of 

gamm«,  Sg 

Stimulus  for 

99%.* 
PAlDBg  and 
PStDBg 

Stimulus  for 
999%.tf 
PAlDBg  and 
PStDBg 

Stimulus  for 
9 

PAlDBg  and 
PStDBg 

50 

Al 

00617 

0025 

0 028 

962 

985 

l mm 

100 

Al 

0 1489 

0 038 

0 053 

925 

9 72 

■jzx 

200 

At 

0 0943 

0026 

0 031 

8 55 

8 81 

50 

St 

0 2989 

0073 

0 131 

15.42 

16  88 

100 

St 

0 1489 

0038 

0053 

1222 

12  69 

200 

St 

0 0933 

0 026 

0031 

10  47 

10  73 

* Minimum  at  95%  confidence 
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PREPARATION  OF  VARICOMP  MIXTURES  WITH  MINIMUM 

DEPENDENCY  UPON  DONOR  DIAMETER  | 

i 

i 

The  RDX  (2-micron)/calcium  soap  mixtures  were  prepared  by  four  different  methods  The  first 
two  methods  yielded  poor  and  unduplicablc  results  The  following  is  an  account  of  all  methods  used 
and  an  explanation  of  why  the  first  two  methods  did  not  give  satisfactory  results. 

Single-Step  Continuous  Flow  Process  » 


A continuous  flow  system  (Figure  C-l)  was  used  to  facilitate  preparation  of  about  1.900  grams 
per  batLh  Figures  C*2  and  03  show  the  Masterflcx"  pumps  and  the  mixing  nozzles 

After  calibrating  the  flow  rate  of  the  three  pumps,  adjustment  was  made  of  the  concentration  of 
(l)  RDX  dissolved  in  acetone.  ( 21  sodium  stearate  dissolved  tn  water,  and  (3)  calcium  chloride 
dissolved  in  water  to  give  the  appropriate  ratios  of  solutes  in  the  merging  flows  to  give  the  desired 
composition 

The  solutions  were  mixed  in  the  following  manner  The  RDX  solution  from  one  pump  and  the 
sodium  stearate  solution  from  another  were  forced  into  a mixing  nozzle  of  Teflon  (polytctra- 
florocthylcnc).  The  openings  into  the  mixing  nozzle  from  the  two  so>utions  were  drilled  off-center  to 
generate  a swirling  motion  From  this  point,  the  ROXi  sodium  stearate  slurry  entered  another  mixing 
nozzle,  as  described  above,  along  with  the  calcium  chloride  solution.  The  precipitate  was  collected  by 
filtration  and  washed  several  times  with  tap  water. 

The  following  chemicals  and  amounts  were  used  to  produce  an  RDX/calcium  stearate  (10.6%) 
mixture  (1)  1.690  76  grams  of  RDX  in  20  liters  of  boiling  acetone,  (2)  200.47  grams  of  sodium 
stearate  in  48  liters  of  hot  tap  water  (63  to  67°C),  and  (3)  133.65  grams  of  calcium  chloride  in  18 
liters  of  cold  tap  water. 

This  process  involves  the  precipitation  of  RDX  in  the  hot  sodium  stearate  solution  rather  than 
cold  water  It  was  hoped  that  the  rapid  mixing  and  the  higher  temperature  would  produce  very  fine 
particles 

Test  results  produced  a far  too  sensitive  mixture  (only  3.5%  cakium  stearate),  and  the  most 
suspect  element  was  the  sodium  stearate  solution.  The  turbidity  of  the  sodium  stearate  solution  (in 
hot  »ap  water)  indicated  that  it  did  not  dissolve  completely.  Hence,  it  was  decided  to  search  for 
another  dcsensiti/er  that  would  be  more  soluable  in  water. 

*Rem«tered  trademark. 
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The  search  started  and  ended  with  the  acquisition  ol  Ivory  Soap  Flakes.  The  solution  proper*  tes  ! 

proved  tc  be  good,  plus  the  fact  that  Ivory  Soap  Flakes  are  readily  available  and  quite  inexpensive 
The  preparation  was  then  tried  bv  substituting  Ivorv  Soap  Flakes  for  sodium  stearate  The 
product  had  a more  satisfactory  soap  content  (7  to  9%)  and  the  sensitivity  did  decrease,  but  the 
batch  was  not  acceptable  with  the  200-mil-diamctcr  donors  The  failure  of  the  material  in  the  respect 
was  attributed  to  its  coarser  particle  size  that,  in  turn,  was  ascribed  to  the  precipitation  of  the  RDX  J 

in  the  hot  soap  solution  rather  than  cold  water  j 

\ 

Two-Step  Continuous  Flow  Process  j 

i 

A two-step  operation  was  used  to  reduce  particle  size  The  RDX  was  dissolved  tn  acetone  I 

(1.690.76  grams  in  20  liters  of  acetone)  and  instead  ol  rccrystallizing  the  RDX  with  the  hot  soap  $ 

solution,  it  was  recrystallized  with  ice  water  using  a similar  continuous  flow  with  two  pumps  and  a j 

mixing  nozzle  (Figure  C-4)  In  the  first  step  the  apparatus  was  arranged  to  mix  one  part  of  the  j 

acetone  solution  of  RDX  with  two  parts  of  ice  water  (2  to  6°C)  The  precipitate  was  filtered  and  5 

washed  and  added  to  the  soap  solution  (200  grams  of  Ivory  Soap  Flakes  in  48  liters  of  hot  (63  to  \ 

67°C)  tap  water)  after  the  supernatant  fluid  had  drained  off  and  before  the  precipitate  had  dried  , 

The  recrystalhzed  RDX  was  added  to  the  Ivory  Soap  Flakes  solution  and  stirred  vigorously  In  the 
second  step  it  was  run  through  the  apparatus  again  and  mixed  with  the  calcium  chloride  solution 
(133  65  grams  in  18  liters  of  water).  Again  it  was  filtered  and  washed.  s 

The  resulting  material  was  significantly  finer  than  that  made  by  the  single-step  process  and  £ 

proved  to  be  insensitive  enough  to  the  200-rml-diametcr  donors  and  sensitive  enough  to  the  i 

50-mil-diameter  donors  to  be  acceptable  i 
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Three  batches  were  successfully  made  by  this  procedure,  but  duplication  of  these  results  -vas 
unsuccesslul  because  of  mechanical  failures  such  as  bursting  of  the  flexible  tubing,  leaks,  and  breaks 
at  joints,  and  erratic  pumping  rates.  These  failures  were  traced  to  stoppage  uf  flow  by  premature 
crystallization  of  the  RDX  Some  of  the  stoppages,  which  occuned  at  joints  in  the  tubing,  were 
apparently  the  result  of  cooling  of  the  acetone  solution  of  RDX.  Most  occurred  at  the  point  where 
the  solution  entered  the  chamber  of  the  mixing  nozzle  and  were  ascribed  to  a combination  of  the 
cooling  action  of  the  ice  watei  and  possible  penetration  of  the  water,  by  diffusion  or  turbulence, 
into  the  mouth  of  the  tube  through  which  the  acetone  entered  the  chamber 

Such  stoppages  were  eliminated  by  reducing  the  RDX  concentration  in  the  acetone  and 
modifying  the  mixing  nozzle  as  shown  in  Figure  C*5  so  that  the  mixing  process  takes  place  in  a 
parallel  rather  than  swirling  flow 


Preparation  of  Lot  135A 

The  following  procedure  for  Lot  135A  was  most  successful  for  RDX  with  106%  calcium  soap 
dcsensitizer 

1 Dissolve  I..I26  67  grains  ot  RDX  in  20  liters  of  boiling  acetone  (56  33  grams  per  liter) 

2 Precipitate  RDX  with  ice  (2  to  6°C)  water  (2  I water/RDX  solution)  by  using  the  continuous 
flow  system  (Figure  C*4)  Filter  recry stallized  RDX 

3 Dissolve  133.59  grams  of  lvor>  Soap  Flakes  in  48  liters  hot  (63  to  67°C)  tap  water  (2  78 
grams  per  liter) 

4 Mix  the  rccrystalhzed  RDX  in  the  Ivory  Soap  Flakes  solution. 

5 Dissolve  89  04  grams  of  calcium  chloride  in  20  liters  of  tap  water  (4.45  grams  per  liter) 

6 Mix  RDX/lvory  Soap  Flakes  slurry  with  calcium  chloride  solution  in  continuous  metered  flow 
mixing  apparatus  (Figure  C*4). 

7 Filler,  drain,  and  wash  with  five  changes  of  water  Dry 

Preparation  details  for  Lot  135A  arc  given  in  Table  C-l 


Preparation  of  Lot  153B 

Lot  I35B  was  produced  approximately  in  accordance  with  the  procedures  for  135A,  with  an 
intended  calcium  soap  content  of  5 3%  As  with  Lot  135A.  a number  of  batches  were  prepared, 
some  were  analyzed  and  subjected  to  microscopic  examination,  and  each  was  subjected  to  screening 
tests.  Preparation  details  arc  given  in  Tabic  C*2. 


Preparation  of  Lot  135C 

Lot  I35C  was  produced  next,  with  a RDX/2  65%  calcium  soap  content  The  production 
procedure  was  the  same  as  for  Lot  135B,  and  these  amounts  of  chemicals  were  used  in  each  batch: 
(I)  839.55  grams  of  RDX  in  20  liters  of  acetone.  (2)  22  85  grams  of  Ivory  Soap  Flakes  in  48  liters 
of  water  and  (3)  15  23  grams  of  calcium  chloride  in  20  liters  of  water  After  a number  of  screening 
tests,  it  W3*  decided  that  the  sensitivity  of  this  material  was  too  high  to  be  useful,  and  the 
calibration  of  135A  indicated  the  need  for  a less  sensitive  material 
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* STAINLESS  STEEL 

\tube 


' TEFLON  PLUG 


'TEFLON  BODY 


STAINLESS 
STEEL  TUBE 


I IGl’RI  ('-5  Mixinc  Nozzle  Modified  fox  Parallel  Mow 

TABLE  C 1 Preparation  Details  for  RDX/Calctum 
Soap  Lot  t35A 

Acceptance  criteria  200  mit-diameter  donoi , >8  00  RDBg, 

50-mil  dumeter  donor  <19  25  RDBa 

~T  7Z  I Scrwnmg  test  results, 

Batch  j rneon  r’OBg,  Al  attenuators 


j 200  m-l  diam**r>r 
donor 


50  m'l-diampter 
donor 


1 584  8 

83  8 i 

3 50 

18  62 

1 253  7 

66  3 j 

8 1? 

19  12 

t 443  3 

76  3 

8 12 

18  87 

1 3159 

104  4 1 

8 25 

18  50 

1.231  1 

97  7 1 

8 37 

18  75 

946  2 

75  0 

8 9? 

18  75 

1,199  9 

95? 

B 25 

■8  6? 

1,160  3 

921  j 

3 25 

18  37 

1.443  3 

114  5 

8 1? 

18  87 

135A4A  11* 
135A-4C  1 1d 
135A  58  lltf 
135A-6C  rh 
135A6CI2* 
13SA-60I1* 
135A-60  IT* 


135A  j 11.577  54  j mean  ©1428 

composite  j 1 std  Ui*!  0S0 

0 Ingredient  quantities 

1690  76  g RDX/20  liters  acetone 
200  47  g Ivory  soap  Ptalces/48  ’iters  water 
133  65  g calcium  ch<or«W20 •'<‘’'4  wa*ci 
* Ing-edient  quantit.es 

1 126  67  9 RDX/20  liters  acetone 
133  59  g nory  Sozp  Flakes/48  iit*ir  water 
89  04  g calcium  chfonde/20  liters  water 
c Percentage  of  calcium  precipitate  of  Ivor*  Soap  FtJ’kcs 
11  1 74  t sample  II 
1 1 783  (sample  2) 

11  812  (sample  31 
Av  11  589 


std  dev  0 6625 


STAINLESS 
STEfcL  TUBE 


* L 


The  production  procedure  for  Lot  I3SD  was  the  same  as  for  the  other  lots  Since  several 
batches  of  Lots  135A,  135B,  and  135C  were  not  usable  but  contained  precipitated  RDX  of  the 
appropriate  particle  size,  some  of  this  material  was  reclaimed  for  use  m Lot  135D  by  the  following 
procedure 


I 


TABLE  C-2  Preparation  Details  for  RDX/Calaum 
Soap  Lot  135B 

Acceptance  criteria  200-mi!  die  iter  donor,  >7  50  RDBg, 
50-mit-diameter  donor,  <18  25  RDu. 


Batch 

Yields, 

Screening  test  results, 
mean  RDBg.  Al  attenuators 

S 

% 

200-mil-diametar 

donor 

50 -mil -diameter 
donor 

1358-78  12“ 

955  0 

800 

7 37^ 

16  50 

1358-70-11“' 

1,103  7 

92  8 

7 87 

17.12 

135B-7DI2* 

655  5 

92  8 

8 12 

1750 

135B-7E  11“ 

1.117  8 

94  1 

800 

17.62 

13SB-8E-M* 

735  8 

83  0 

/ 75 

(387 

135B-8C  11* 

735  8 

830 

7 3?*' 

1662 

135B-8C-I2“ 

962  2 

81  0 

7 62 

17  62 

135B-8D-1 1“ 

1.075  4 

90  5 

7 87 

1662 

1358-85  1 1^ 

679  2 

76  6 

8 37 

17  62 

135B-9A-1 1'' 

707  5 

79  8 

800 

17  12 

1358-9B-1 1'1 

707  5 

79  8 

8 37 

1687 

135B-9BI2'’ 

707  5 

79  8 

7 87 

17,62 

135B9C-I1'’ 

933  5 

105  3 

800 

17  37 

1358-9D  12“ 

70?  5 

79  8 

800 

18  00 

135B 

composite'  ] 

10,094 

mean  7 7750 
std  dev  0 0875 

mean  17  7679 
std  dev  0 1625 

a Ingredient  quantities 

1 126  67  g RDX/20  liters  acetone 
63  06  g ivory  Soap  Flakts/48  liters  water 
42  04  g calcium  chlonde/20  liters  water 

^ Ingredient  quantities  ' 

839.55  g R0X/20  liters  acetone 
48.99  g Ivory  Soap  Flakei/48  leters  water. 

31 .33  g calcium  chlonde/20  liters  water 
c Ingredient  quantities. 

839  55  g RDX/20  liters  acetone 
22  41  g Ivory  Soap  Flakas/48  liters  water 

14.94  g calcium  chlonda/20  liters  water  ; 

^Failed  screening  test  requirement. 

Percentage  of  calcium  pracipitate  of  Ivory  Soap  Flakes 

5 7586  (sample  1>  " 

5 3651  (sample  2» 

5 6588  (sample  31  4 

Av  6 5942  % 
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1 The  concentration  of  the  reclaimed  VARICOMP  explosive  is  ascertained  by  chemical  analysis 

2 An  appropriate  amount  required  to  raise  the  soap  content  to  20%  of  Ivory  Soap  Flakes  is 
dissolved  in  48  liters  of  hot  tap  watei. 

3 The  VARICOMP  to  be  reclaimed  is  mixed  in  the  soap  solution  to  form  a slurry 

4 The  calcium  chloride  is  added  to  the  slurry  and  mixed  thoroughly. 

* The  slurrv  is  filtered,  washed,  and  dried 

Table  C-3  lists  the  preparation  details  tor  Lot  I35D 


AH  batches  of  Lot  I35D  were  blended  together  by  mixing  samples  of  each  batch  together  and 
subjecting  the  composite  sample  to  a screening  test  This  sample,  which  was  prepared  by  hand 
tumbling  the  subsamplcs  after  the  material  had  been  forced  through  a 16-mesh  screen  to  break  the 
lumps,  met  the  criteria  that  had  been  established  for  Lot  I3SD. 

Lot  13SD  was  then  blended  by  a “miller"  (a  Counter-Current  Batch  Mixci  made  by  Posey  Iron 
Works,  Inc.  Lancaster,  Pa),  which  mixes  powder  hi  a rotating  bowl  by  the  interaction  of  a steel 
roller,  so  mounted  that  its  centerline  in  at  right  angles  to  and  displaced  horizontally  from  that  of  the 
rotating  bowl  and  two  vanes,  one  stationary  and  positioned  to  "plow"  the  powder  from  the  sides 
and  bottom  corner  of  the  bowl,  and  the  other  rotating  (with  its  blade  tangent  to  its  rotary  path)  on 
the  same  center  but  the  opposite  directum  of  the  bowl  The  miller,  which  had  not  beed  used 
previously,  was  used  because  it  seemed  to  break  lumps  more  effectively  and  with  less  human  effort 
than  forcing  through  a sieve  This  mixing  piocedurc  apparently  affects  sensitivity  since  H resulted  in  a 
metenal  that  could  not  be  initiated  b>  means  of  the  50-mil-diamcter  donors  even  with  no 
attenuator  Since  these  indications  that  subtle  modification  of  mixing  techniques  can  substantially 
affect  test  results,  it  seemed  probable  that  the  material  of  Lot  I35D  might  be  saved 

Analysis  of  composite  Lot  135D  showed  it  to  have  a soap  content  of  about  22%  rather  than 
the  20^  that  had  been  intended.  It  has  been  observed,  for  some  explosives,  that  an  increase  in 
density  can  increase  sensitivity  to  small  sources  while  decreasing  sensitivity  to  larger  sources  With  this 
in  mind,  an  eftort  was  made  to  find  an  additive  that  would  result  in  increased  density,  rcljtive  to 
the  theoretical  maximum,  at  the  loading  pressure  of  100.000  psi  At  this  pressure,  material  from  Lot 
135D  attained  a density  nl  about  %'S  of  the  theoretical  maximum 

To  increase  the  relative  density,  a small  amount  of  Vaseline  petroleum  icily  was  added  to  a 
small  sample  drawn  from  Lot  135A.  The  relative  density  was  increased,  but  the  resulting  pellets 
could  not  be  miiutcd  with  the  50-mil-diumctcr  donors 

A small  hatch  of  material  from  Lot  135C,  Lot  1350.  and  graphite  proportional  to  vield  a ratio 
of  8 O'/  RDX.  19  5"  calcium  soap  and  0 5%  graphite  was  mixed  in  the  miller  Material  from  this 
batch  attained  a density  between  98  and  99%  of  the  theoretical  maximum,  and  more  than  passed  the 
screening  test  On  the  basis  of  these  results,  it  was  decided  to  convert  most  of  Lot  135D  into  Lot 
1 351- . which  has  the  above  proportions,  by  adding  material  from  Lot  135C  Preparation  details  arc 
given  in  Table  C-4 
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TABLE  C-3  Preparation  Details  for  RDX/Catcium 
Soap  Lot  13SD. 


Acceptance  criteria  300-rmi -diameter  donor,  >8.00  RD8g,  50-ml-diameter  donor,  <21.00  RDBg. 


Batch 

Enhanced  lot 

Additional 

soep/CeCU 

added,  g 

Viaid 

Screening  test  results, 
mean  RDGb,  Ai  attenuator 

no 

g 

nr 

% 

200-mil-diamater 

donor 

50-md -diameter 
donor 

1350-1I0-I2" 

1.188.6 

97.6 

8.37 

20.87 

13SD-!1tl  1* 

1.018.6 

83.6 

8.12 

20.12 

1350-IJA-ll'’ 

enhanced 
Lot  No.  135A 

2.377  20 

34231/ 

228.21 

2,830  0 

96 

8.37 

infinity 

135D-1 26-H 

enhanced 
Lot  No.  1358 

2,136.65 

426.92 / 
280.29 

2.405  5 

94  1 

8 67 

infinity 

1350-12C  11 
1350120-11 

enhanced 
Lot  No.  135C 
enhanced 

2.518.70 

562.93/ 

375.29 

2.943.2 

95  5 

8 37 

infinity 

Lot  No.  135C 
1358 

1.471.60 
735  80 

480.93/ 

320.62 

2.603  6 

a 

8 37 

infinity 

1350 

composite 

12,990 

m 

mean  8 1750 
std  dev  0 150 

infinity 

a Ingredient  quantities 

975.00  9 RDX/20  lit*  s acetone. 

243.75  g Ivory  Soao  Flakes/48  liters  water. 

162  50  g calcium  chtoude/20  titers  water 
* One. half  quantity  used  in  1350  composite 
c Percentage  of  calcium  precipitate  of  Ivory  Soap  Flakes 
20.371  (sample  1» 

24.392  (sample  2) 

22.009  (sample  3) 

Av.  22.256 
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TABLE  C-4.  Preparation  Detail*  for  RDX/Calcium 
Soap  Lot  135E. 


Acceptance  criteria  200-mil‘dumeter  donor, 
>8. 1 2 R 06g,  50-mil-diamtter  donor,  <23  25  RD8g 


Batch 

Screening  test  results,  ] 

mean  ROGb,  Al  attenuators  J 

no 

200-mil  •diameter 
donor 

50-mil  -diameter  • 

donor 

ttse-i" 

8.37 

22.S0  j 

13SE3* 

at2 

21  75  j 

I35E  3" 

8.50 

22  00  ; 

I3SE4" 

8 37 

23.00 

135E  5“ 

8 25 

22.50 

135E  6ft 

8 25 

33  00  i 

135E 

mean  8.3583 

mean  22.5625 

composite* 

std  dev.  0 1375 

std.  dev  0.620 

1 1.057  g 



i 

a ingredient  quantities 
1,632  g 1350. 

104  g 135C  (6.7%) 

132  g 135C  (1  7%> 

9 4 g Graphite  (Dixon  620  - a product  of 
the  Joseph  Dixon  Crucible  Co  , Jersey 
City.  N J ) 

h Ingredient  quantities 
1.454  0 g 135D 
926  g 135C  <6  7%) 

115.0  g 135C  (!  7\> 

8.3  g Graphite  (Dixon  6201. 

‘ Percentage  of  calcium  precipitata  of  Ivory  Soap  Flakes 
19.668  (sample  1) 

19.711  (sample  2) 

19  193  (sample  3) 

Av.  19  523 
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A chemical  analysts  of  each  of  the  vanous  lots  of  RDX/calcium  soap  was  performed  as  follows 

1 Sample  si/e  is  set  to  yield  approximately  0.3  gram  of  calcium  stearate  after  the  extraction  of 
the  RDX  From  the  standpoint  of  safety,  an  upper  limit  of  3-  to  5>giam  sample  size  is 
recommended. 

2 A medium  porosity  sintered  glass  crucible  is  thoroughly  washed  and  dried. 

3 Weigh  sample  in  sintered  glass  crucible 

4.  Extract  RDX  by  8 washings  of  20ml  each  of  boiling  acetone.  During  each  washing  the 
sample  is  triturated  continuously  with  a glass  stirring  rod  in  order  to  break  up  all  lumps 

5 The  calcium  stearate  or  calcium  soap  residue  crucible  is  dried  for  1 hour  at  60°C. 

6 The  residue  and  crucible  are  weighted  after  being  allowed  to  cool  for  IS  minutes  The  weight 
loss  from  the  acetone  extraction  is  the  amount  ot  RDX.  and  the  weight  of  the  residue  is  calcium 
stearate  or  calcium  soap 

Three  samples  from  each  lot  were  analyzed  using  this  procedure  and  are  shown  in  each  of  the 
tables  for  the  vanous  lots 


Composition  of  Dcscnsitizcr  in  New  VARICOMP  Mixes 

As  has  been  mentioned  in  an  earlier  section.  Ivory  Soap  Flakes  was  substituted  for  the  sodium 
stearate,  which  had  been  used  for  similar  purposes  in  earlier  work.9  because  of  its  greater  solubility 
in  warm  water  (65°C)  Sodium  stearate  is.  of  course,  a soap  Procter  & Gamble  Co.  gave  the 
following  composition  (in  percent)  for  Ivory  Soap  Flakes 


Tallow  soap  . . . >97 

Fabric  whitencr  <1 

Perfume  ....  <1 

Preservative  <1 

Glycerine  ....  <1 

Silicates  . . <1 

The  composition  (in  percent)  of  beef  tallow  is  as  follows  13 

Oleic  acid  (9  octadecanoic  acid)  49  6 

Palmitic  acid  (ncxadecanoic  acid)  27.4 

Steanc  acid  (octadecanoic  acid)  14  1 

Linoleic  acid  (9.  12  octadecadienoic  acid)  2.3 

Mynstic  acid  ( tctradecanoic  acid)  6.3 


i 

\ 

I 


! 3 Robert  C.  Weast.  ed  Handbook  of  Chemistry  and  Phvttn.  49th  ed  Cleveland.  Ohio,  Chemical  Rubber  Co.. 
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